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HANCOCK COUNTY SOILS’
Bt  P. E. Brown, H. R. Meldrum, T. H. Benton and G. B. K illinger
Hancock County is located in north central Iowa in the second tier of counties 
south of the Minnesota state line and in the middle tier of counties from east
Eig. l. Map showing location of and renters the remaining 67.1 percent. The
book of Agriculture for 1932 show the utilization of the farm land in the county.
T H E  T Y P E  O F  A G R IC U L T U R E  IN  H A N C O C K  C O U N T Y
The type of agriculture practiced in Hancock County at present consists of 
a system of general farming, including the production of corn, oats and hay and 
certain special crops and the feeding and breeding of beef cattle, dairy cattle, 
hogs and sheep. Corn is the chief cash crop but little is sold out of the county. 
Oats are second in importance as a cash crop and there is some sale out of the 
county. On most farms hogs provide the major portion of the income. The 
raising and feeding of beef cattle is second in importance to the hog industry. 
Some dairying is practiced and the industry is becoming of more importance 
each year. The farm income comes mainly from the sale of hogs, beef cattle, 
corn and oats and some special crops such as sugar beets. Additions to the 
income are provided on some farms by the sale of dairy products, poultry and eggs.
The acreage in waste land is considerable, and much of this land might he 
reclaimed and made productive if proper methods of treatment were adopted. 
General recommendations for the reclaiming of waste land cannot be offered 
because the causes of infertility are so variable. Later in this report, however, 
suggestions will be offered for the handling of unproductive areas of the. various 
soil types which are mapped. Special methods of treatment are often needed 
for individual areas. Advice regarding the handling of individual soils may
to west in the state. It lies entirely in the 
Wisconsin drift soil area, and hence its soils 
are all of drift or glacial origin.
The total area of the county is 570 square 
miles or 364,800 acres. Of this area, 355,- 
728 acres or 97.5 percent, are in farm land. 
The total number of farms is 1,945, and the 
average size of the farms is 183 acres. Owners 
operate 32.9 percent of the total farm land
Hancock County. following figures taken from the Iowa Year-
Acreage in general farm c r o p s ..............................................
Acreage in farm buildings, public highways and feedlots
Acreage in pastures ...........>,........................ ..................
Acreage in waste land not used for any purpose.............
Acreage in farm woodlots used for timber only ............
Acreage in crop land lying idle ..........................................
Acreage in crops not otherwise listed.................................
255,810
19,993
68,289
2,425
316
8,479
1,373
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be obtained by writing to the Soils Subsection of the Iowa Agricultural Ex­
periment Station.
CROPS GROWN IN HANCOCK COUNTY
The general farm crops grown in Hancock County in the order of their im­
portance are corn, oats, alfalfa, hay, potatoes, barley, soybeans, wheat, flax and 
rye. The acreage, yield and value of these crops are shown in table 1.
Corn is the most important crop, both in acreage and value. In 1932 it was 
grown on 37.03 percent of the total farm land, and the average yield was 37.9 
bushels per acre. In favorable seasons and on the better soils the yields are 
much greater than this. A t the time the survey was made the variety most 
commonly grown was Silver King and strains of it. Some yellow corn is pro­
duced including strains of Learning, Reid Yellow Dent and Minnesota 13. Most 
of the corn produced is fed to the livestock, and on the average from two-thirds 
to four-fifths of the corn is utilized on the farms where it is produced, the 
remainder being largely sold to neighbors for feeding purposes. Very little 
is sold out of the county. Some of the corn grown is hogged-down, and some 
is used for silage. Soybeans are often seeded with the corn which is to be 
hogged-down or used for silage.
Oats are the second crop in acreage and value. In 1932 this crop was grown 
on 26.03 percent of the total farm land, and average yields that year were 32.3 
bushels per acre. In more favorable years the yields are much greater than 
this. The varieties most commonly used are Kherson, Iowa 103, Iowa 105, Green
TABLE 1. ACREAGE, YIELD AND VALUE OF PRINCIPAL CROPS GROWN IN
HANCOCK COUNTY, IOWA*
Crop Acreage
Percentage 
of total 
farm land 
of county
Bushels 
or tons 
per acre
Total 
bushels 
or tons
Average
price**
Total 
value of 
crops
Corn ................................. 131,718 37.03 37.9 4,992,112 $0.12 $599,053
Oats ................................. 92,612 26.03 32.3 2,989,442 0.10 298,944
Winter wheat ................. 287 0.08 17.5 5,022 0.33 1,657
Spring wheat ................. 159 0.05 16.0 2,538 0.33 838
Barley ............................. 4,245 1.19 19.8 83,959 0.20 16,792
Rye ................................... 229 0.06 12.2 2,796 0.24 671
Clover hay*** ................. 649 0.18 1.22 792 6.00 4,752
Timothy hay ................... 2,215 0.62 0.96 2,126 4.50 . 9,567
Clover and timothy hay 
(mixed)*** ................. 9,209 2.59 1.26 11,603 6.00 69,618
Alfalfa ............................. 5,435 1.53 2.70 14,675 8.00 117,400
All other tame hay........ 2,466 0.69 1.49 3,681 6.00 22,086
Wild hay ......................... 3,851 1.08 1.35 5,199 4.50 23,396
Soybeans sown with 
other c ro p s ................... 144 0.04
Soybeans sown alone . . . 1,085 0.31
Soybeans harvested for 
seed ............................... 128 0.04 19.6 2,505 0.42 1,052
Potatoes ........................... 1,445 0.41 94.0 135,830 0.37 50,257
Flax s e e d ......................... 96 0.03 6.5 619 1.20 743
Timothy seed ................. 71 0.02 5.5 390 0.95 371
Sweet clover seed............. 38 0.01 2.8 106 3.00 318
Sweet clover**** .......... 2,156 0.61
♦Iowa Yearbook of Agriculture, 1932.
♦♦Average state farm values Dec. 1, 1932, except timothy and alfalfa hay, sweet clover seed and 
flax seed for which prices are estimated.
♦♦♦Sweet clover seed not included.
♦♦♦♦All varieties for all purposes.
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Russian, Iowar and Swedish Select. Most of the oat crop is utilized as feed 
for horses and hogs on the farms, and only the surplus is sold. The sale out of 
the county is not large.
Alfalfa is the third crop in value, being grown on 1.53 percent of the total farm 
land in 1932 with average yields of 2.70 tons per acre. This is a very valuable 
crop and may be grown successfully, provided the land is adequately drained 
and other essentials provided such as good seed, inoculation of the seed and 
proper preparation of the seedbed. I f  the soil is acid in reaction, even if only 
at the surface, liming is necessary for the best growth of alfalfa. In some cases 
the use of lime would help in growing this crop in Hancock County. It might 
be grown with profit much more extensively than at present.
Clover and timothy hay is the third crop in acreage and the fourth in value. 
It was produced in 1932 on 2.59 percent of the farm land and average yields 
of 1.26 tons per acre were obtained. Some timothy hay is grown alone, yield­
ing 0.96 ton per acre in 1932, and some clover hay is grown with average yields 
of 1.22 tons per acre. Other tame hays were produced on 0.69 percent of the 
farm land in 1932 with average yields of 1.49 tons per acre, and wild hay was 
grown on 1.08 percent of the farm land in 1932 producing 1.35 tons per acre on 
the average. Some timothy and some clover are grown for seed, but the value 
of these crops is not large. Some soybeans are harvested for seed, and some 
sweet clover seed is produced. All the hay produced is utilized for feeding pur­
poses on the farms.
Potatoes are grown on a considerable acreage— on 0.41 percent of the total 
farm land in 1932. The average yield in that year is estimated at 94 bushels 
per acre. This crop is grown on most farms largely for home consumption, the 
surplus being disposed of locally.
Some winter wheat and a little spring wheat are grown. Barley is grown 
rather extensively. In 1932 this crop was produced on 1.19 percent of the total 
farm land, and average yields amounted to 19.8 bushels per acre. Some rye and 
flax are grown, but these crops are not important. Sugar beets are grown rather 
widely, chiefly on contract with the sugar beet factories. In 1929 this crop was 
grown on 1,950 acres, and the estimated yield was 15,085 tons. Small acreages 
are used for garden crops, tree and bush fruits on many farms, but the produc­
tion of these crops is utilized entirely for home consumption.
. THE LIVESTOCK SITUATION IN THE COUNTY
The total number of livestock on all farms, according to the Census for 1930, 
was as follows:
Horses and mules, excluding colts ...................;i.......................................  10,987
Cows and heifers kept mainly for m i lk .......... .........................................  14,860
Cows and heifers kept mainly for beef ................................................ .. . 1,350
Other cattle including calves ..................................................................... 26,604
Sows and gilts .............................................................................................. 18,533
Other hogs, excluding pigs under 3 months old .................................... 33,054
All sheep ................................. ............ ............, ....................................... .. 5,534
On the farms classified as the animal specialty farms by the Census, including 
762 farms with an average size of 189 acres and a total acreage of 144,087 acres, 
there is of course the most livestock. There were 18,486 hogs, excluding pigs 
under 3 months old and sows and gilts, of which 9,715 were reported. There
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were 6,333 cows and heifers kept mainly for milk, 894 kept for beef and 13,945 
other cattle including calves. There were 4,528 horses and mules listed for 
this type of farm.
On the 591 general farms, which averaged 171 acres in size and had a total 
acreage of 101,137 acres, there were 8,272 hogs, excluding pigs under 3 months 
old and sows and gilts. There were 5,094 pigs, sows and gilts. There were 
4,616 cattle kept for milk mainly, 267 kept for beef, and 6,955 other cattle 
including calves. There were 3,252 horses and mules reported on these farms.
On the 373 cash grain farms which averaged 221 acres and had a total acreage 
of 82,509 acres, there were 4,257 hogs excluding pigs under 3 months old and sows 
and gilts. There were 2,566 of the latter. There were 2,311 cows and heifers 
kept mainly for milk, 165 kept for beef and 3,740 other cattle including calves. 
There were 2,377 horses and mules reported.
On the 96 dairy farms which averaged 153 acres and had a total acreage of 
14,669 acres, there were 1,624 hogs, excluding pigs under 3 months old and 
sows and gilts, 842 sows and gilts and 519 horses and mules. There were 1,212 
cows kept mainly for milk, 5 kept for beef and 1,527 other cattle including calves.
Poultry is raised on practically all farms, to supply the home demand. The 
surplus poultry and poultry products are sold on the local markets. The in­
come from this source is considerable in many cases.
THE FERTILITY SITUATION IN HANCOCK COUNTY
The yields of general farm crops are usually satisfactory in Hancock County, 
but in many cases considerable increases which will prove distinctly profitable 
may be obtained by the adoption of better methods of soil treatment.
Many of the soils are not naturally well drained and in fact were originally in 
ponded areas and even in lakes in ages gone by. Artificial drainage by means of 
ditches and tiling which was begun some years ago and is now fairly complete 
for the county, has made it possible to farm many acres which were formerly 
not under cultivation. Now crops may be grown on practically all the terraces 
and uplands without damage, except in seasons of unusually heavy precipitation.
The soils are fairly well supplied with organic matter and, in fact, some of 
them are rich in this constituent, as is indicated by their black color. But some 
of the types, particularly those on the more rolling to sloping uplands and those 
which have sandy or gravelly subsoils, like the Sioux, O’Neill and Pierce types 
are not rich in organic matter. These soils are in need of additions of fertiliz­
ing materials supplying organic matter, and all types in the county will need 
to receive applications of organic matter regularly if the supply is to be kept up.
The application of liberal amounts of farm manure will prove of value on the 
lighter colored, more rolling types and those with sandy or gravelly subsoils, and 
large increases in crop yields will be obtained, while the sandy and gravelly soils 
will be made more resistant to the injurious effects of drouths.
The turning under of leguminous crops as green manures may prove of value 
in many cases, especially on the soils more deficient in organic matter and in need 
of applications. On grain farms the use of green manures is particularly val­
uable, but it may also be worth while on the livestock farm. The proper use
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of all crop residues on all farms will also aid in the maintenance of the organic 
matter in soils.
Practically all of the upland soils in Hancock County are acid in reaction and 
in need of additions of limestone. Only the Webster silty clay loam and the 
steep phase of the Clarion loam on the uplands show any lime content in the 
surface soil and hence no need for lime. The Fargo silty clay loam and the 
Benoit silty clay loam on the terraces and the Lamoure silty clay loam on the 
bottomlands also show some lime content in the surface soil, but all the other 
terrace and bottomland types are acid in reaction and must be limed if the best 
growth of general farm crops is to be obtained. The Pierce loam, the typical 
Clarion loam and the Webster loam on the uplands show a lime content in the 
lower soil layers but the surface soils are acid. In spite of this lime in the sub­
soils of these types lime is needed on the soils, especially for new seedings of such 
legumes as sweet clover and alfalfa. It is very important that types of the 
Clarion, Webster, Dickinson, O’Neill, Waukesha, Sioux, Benoit and Wabash 
series be tested for reaction and lime needs and that lime be applied as needed 
for the best growth of general farm crops.
There is no large supply of phosphorus in any of the soils, and it is certain, 
therefore, that the addition of phosphorus fertilizers will be needed in the near 
future even if they are not of value at present. The experiments reported 
herein have shown, however, that on some of the soils at least, the application of 
phosphorus materials may prove of large effect now. Either superphosphate 
or rock phosphate may be employed with beneficial results. Which material will 
give the greater effects cannot be stated now as both phosphates bring about 
benefits under various conditions, sometimes the one proving preferable and 
sometimes the other. Tests on individual farms are the only way that definite 
information can be obtained to show which is preferable.
Complete commercial fertilizers may be used profitably in some cases, but in 
general the use of a phosphate will prove of quite as large effect and, being cheaper, 
will prove preferable. The desirability of using a complete fertilizer will depend 
upon the actual effect of the material on crop growth in comparison with the 
effect of superphosphate. Commercial nitrogenous fertilizers are probably 
unnecessary on most of the soils, as nitrogen may be supplied more cheaply and 
quite as effectively by turning under legumes as green manures. The use of 
commercial potassium fertilizers may prove of value on the so-called “ alkali” 
spots in the county, but they are not recommended for general use. For special 
crops and on cropped peat soils, the use of potash fertilizers along with a phos­
phate may prove of distinct value. For potatoes a fertilizer supplying both 
phosphorus and potassium has been found to be of large effect on peat soils.
Erosion occurs to a limited extent in Hancock County. Only on the Clarion 
loam and the Dickinson types is there any particular danger of erosion. The 
shallow phase of the Clarion loam has been formed by erosion, thus indicating 
the extent to which soil washing may occur.
SOIL SURVEY OF IOWA
TH E GEOLOGY OF HANCOCK COUNTY
The e a r ly  geological history of the county will not be considered here in 
detail, as it has little or no significance in the study of the soils of the area. 
The rather recent deposits of glacial drift have buried the native rock materials 
to such great depths that they have no influence upon the soil conditions and their 
character and origin are unimportant agriculturally.
The soils are derived entirely from glacial debris or till, material left behind 
by the glaciers when they retreated. At least twice during the glacial age, great 
ice sheets swept over the county and when they retreated they left behind 
great deposits of drift, or material from various sources, picked up by the glacier 
in its forward movement over the land. The first of these glaciers known as the 
Kansan, covered the entire surface of the land in the area, burying the native 
rocks to great depths, the earlier pre-Kansan sands and gravels, filling old valleys 
and leveling old hills and other elevations. The deposit left by this glacier con­
sisted mainly of a blue clay, very stiff and impervious, and containing numerous 
pebbles and boulders and much sand. Upon weathering this Kansan deposit be­
comes a reddish-brown or yellow in color. The depth of the Kansan till is 
extremely variable, ranging from 10 to over 300 feet. None of the soil types are 
derived entirely from this drift material but there is some effect upon the subsoils 
of the Dickinson and Pierce soils.
Much later geologically, a second glacier, known as the Wisconsin, moved over 
the county from the northwest, leaving behind a deposit which is variable in 
depth, ranging from a few feet to more than 15 feet in depth in different places. 
Sometimes the lower layers o f this deposit consisted of what is known as the 
Wisconsin gravels. These were laid down mainly in old valleys and drainage 
channels, but they may appear now at considerable distance from present 
drainageways, in mounds on the sidehills or in low ridges in level plains. Gen­
erally the drift is so deep that the gravel deposits are not encountered in the 
three-foot soil section, but the Pierce soils are formed largely from these gravels, 
and there are occasionally some layers of gravel in the lower part of the Clarion 
loam profile, particularly the rolling phase of that type.
The Wisconsin drift material consists usually of a mixture of pale-yellow, 
yellowish-brown and gray clay, silt and sand with some fine gravel and boulders. 
It is often very light, even whitish in color when dry. Calcareous materials 
are abundant in the original material and appear in the lower layers of most 
of the soils. This material, however, has been leached entirely out of many 
of the soils, and is not found even in the 3-foot section of the soils. Occasion­
ally it occurs in the lower part of the soil profile and sometimes even up into 
the surface soils. Since deposition the surface soils have been much modified 
by leaching and the accumulation of organic matter. The color has become 
darker and is now usually a dark-brown to black, owing to the large amounts 
of organic matter accumulated because of the heavy subsoil conditions and 
the high moisture content of the soils, bringing about very slow decomposition. 
The lower soil layers are typically gray or yellowish-gray clay similar to the 
original drift material. After drainage has been obtained there has been
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more decomposition and more leaching and the lime content is lower and the 
color somewhat lighter.
The upland soils are derived almost entirely from the Wisconsin drift, and 
they are classified in the Clarion, Webster, Pierce and Dickinson series. The 
Clarion soils are developed on the more undulating to gently rolling or rolling 
uplands, and are dark-brown to dark grayish-brown or black in color, with 
yellowish-brown or grayish-yellow, or yellow subsoils. The Webster soils are 
found on the more nearly level to depressed uplands, where drainage was 
originally very poor. They are black in color and the subsoils are gray to 
grayish-white in color and high in lime. The Dickinson soils are developed on 
the more rolling areas and have sandy or gravelly subsoils. The Pierce soils are 
found on knolls or high points and have a high gravel content and a very shallow 
surface soil, rich in lime and with subsoils made up almost entirely of gravel.
There are areas of second bottomlands or terraces which were formed un­
doubtedly when the melting glacier sent large quantities of water through 
the drainage channels, laying down layers of coarse materials. The Sioux and 
O’Neill soils were formed in this way, the former types having lime in the 
lower part of the soil profile. The Fargo and Benoit soils are found in old 
lake beds. The Fargo has heavy subsoils, while the Benoit soils have sandy or 
gravelly subsoils. The Waukesha soils are also found on the second bottom­
lands. The recent alluvial deposits along the streams are classified in the 
Wabash and Lamoure series, the former being non-ealcareous while the latter 
are high in lime. There are areas of peat and muck and some alkali soils, 
occurring in old lake beds, newly drained, and in the case of the alkali soils, 
in areas around the old peat beds.
PHYSIOGRAPHY AND DRAINAGE
The surface relief of the county is much the same as it was left by the glacier 
which laid down the deposits of till, ranging from nearly level or depressed 
to rolling or moderately hilly. Most of the broad uneven ridges and low 
knolls do not rise more than 40 feet above the depressions. The rough area 
of the glacial moraine occurs in the northern half of the county, extending along 
the eastern side from the Cerro Gordo-Hancock County line westward to a 
north-south line through Britt and Kanawha. South of Hutchins, southwest 
of Britt, and west of Kanawha, there is very little relief to the drift plain. 
The land consists largely of wide depressions separated by low divides, or the 
only change in level may be merely a few slight swells. The part of the county 
lying north of Britt and Garner has a somewhat greater elevation than the 
remainder, and the plain has a general slope to the south. In the northeastern 
part, the slope is to the east.
The natural drainage system is not very well developed. The drainage 
channels, especially near their sources, are not the result of stream erosion, but 
are merely low areas between the higher elevations where the drainage waters 
have made passageways to the more distinct rapid-flowing waterways. The 
larger streams have definite channels, but the flow is sluggish and the erosion 
slight. The actual flood plains of the two branches of the Iowa River and of 
the four branches of the Boone River are rarely more than one-eighth of a mile
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in width, but the terrace and bottomland areas often extend from 1 to 2 miles 
back toward the uplands.
The drainage is brought about by the East Branch Iowa River and the 
West Branch Iowa River, which drain about 60 percent of the county; 
the four branches of the Boone River which drain the rather flat area south­
west of Britt; the Winnebago River which drains Ellington Township; and 
Lindner Creek, Plum Creek and Buffalo Creek, which drain Bingham Town­
ship. There are a few small and unimportant tributary streams, but the 
natural drainage system is restricted largely to the streams mentioned and 
there are few tributaries and intermittent drainageways. Formerly the water 
collected in the low areas and depressions after every rain, and often remained 
there for long periods, because of the heavy subsoils and poor natural drainage 
of the land, until removed by evaporation. In wet seasons the water remained 
in such areas during the entire season, and sloughs and marshes were common. 
Peat beds were formed and many areas were not of any agricultural use.
Fig. 2. Map showing natural drainage system of Hancock County.
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Probably three-fourths of the creeks and rivers have been dredged and straight­
ened and deeper channels provided, making large open ditches from 6 to 12 
feet in depth. These drainage channels together with the tile drains which 
have been installed extensively, now bring about a rapid removal of excess 
water. The smaller depressions and most of the larger ones are now wet for 
only short periods of a few days, compared with the continuous marshy con­
dition which formerly prevailed.
The inadequacy of the natural drainage system is indicated in the accom­
panying drainage map. The ditching and tiling have improved the drainage 
conditions materially and brought extensive areas of poorly drained land under 
cultivation. There are still some areas, however, in which the drainage is not 
sufficient for the best crops, and in such cases there should be more tiling, better 
outlets provided, or perhaps a renewal of tile lines which may have become 
ineffective.
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TH E SOILS OF HANCOCK COUNTY 
The soils of Hancock County are divided into three groups according to 
their origin and location. These are drift soils, terrace soils and swamp and 
bottomland soils. Drift soils are those deposited by glaciers upon their re­
treat, and they consist of varying mixtures of clay, silt and sand, with some 
gravel and boulders. Terrace soils are old bottomlands which have been raised 
above overflow by a decrease in the volume of the streams which deposited them 
or by a deepening of the river channel. Swamp and bottomland soils are those 
occurring in low, poorly drained areas or along streams, and they are subject 
to more or less frequent overflow. The total acreage and percentage of the area 
of the county included in each of these three groups are shown in table 2.
More than three-fourths of the total area of the county is covered by the 
drift soils, 77.1 percent. Terraces are much smaller in area, covering 14.5 
percent of the county. Swamp and bottomland soils are still less extensively 
developed, covering 8.4 percent of the area.
There are 14 individual soil types, and these with the rolling phase and 
the shallow phase of the Clarion loam, and the areas of peat and muck make a 
total of 18 separate soil areas. There are 7 areas of drift soils including the 
two phases of the Clarion loam, 6 areas of terrace soils, and 5 bottomland
TABLE 2. AREAS OF DIFFERENT GROUPS OF SOILS IN  HANCOCK COUNTY
Soil group Acres
Percentage 
of total area 
of county
Drift soils .................................................................................................. 281,472 77.1
Terrace soils .............................................................................................. 52^928 14.5
Swamp and bottomland soils................................................................... 30,400 8.4
Total...................................................................................... 364,800
soils, including the peat and muck. The various types are distinguished on 
the basis of certain definite characteristics, which are described in the appen­
dix to this report. The names of the types indicate these characteristics. 
The areas of the various types are shown in table 3.
The Webster silty clay loam is the largest of the drift soils and the most ex­
tensively developed type. It covers 30.9 percent of the total area. The 
Clarion loam is the second largest drift soil and the second largest type. 
It covers 20.3 percent of the county. The rolling phase of the Clarion loam is 
the third largest soil, covering 15.5 percent of the total area. The Webster 
loam is fourth in area, covering 7.9 percent of the county. The Dickinson 
fine sandy loam is much smaller in extent. It covers 1.2 percent of the county. 
The Pierce loam is a minor drift type, covering 0.7 percent of the county and 
the Clarion loam, shallow phase, is also minor, covering 0.6 percent of the area.
The Fargo silty clay loam is the largest of the terrace soils and the fifth 
largest type. It covers 5.9 percent of the area. The O’Neill loam is the second 
largest terrace soil, covering 3.4 percent of the county. The Sioux loam is 
the third terrace type, covering 2.7 percent of the county. The Waukesha 
loam is the fourth terrace soil, and it covers 1.2 percent of the area. The Benoit 
loam and the Benoit silty clay loam are minor in area, covering 0.7 and 0.6 
percent of the county, respectively.
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TABLE 3. AREAS OF DIFFERENT SOIL TYPES IN  HANCOCK COUNTY
Soil Soil
no.
Percentage
legend 
on map
Soil type Acres of total area 
of county
DRIFT SOILS
We 107 Webster silty clay loam........................................ 112,768 30.9
C 138 Clarion loam .......................................................... 74,048 20.3
150 Clarion loam (rolling phase)............................. 56,448 15.5
w 55 Webster loam ........................................................ 28,864 7.9
D f 175 Dickinson fine sandy loam................................... 4,480 1.2
PI 173 Pierce loam ............................................................. 2,624 0.7
252 Clarion loam (shallow phase)............................. 2,240 0.6
TERRACE SOILS
Fc 109 Fargo silty clay loam........ ............................... 21,568 5.9
01 108 O’Neill loam .......................................................... 12,416 3.4
Sm 76 Sioux loam ............................................................ 9,984 2.7
W1 60 Waukesha loam ..................................................... 4,288 1.2
Bm 254 Benoit loam .......................................................... 2,560 0.7
Be 258 Benoit silty clay loam.......................................... 2,112 0.6
SWAMP AND BOTTOMLAND SOILS
LI I l l Lamoure silty clay loam..................................... 10,688 3.0
P 21 Peat ......................................................................... 9,984 2.7
Mu 21a Muck ......................................................................... 8,000 2.2
We 49 Wabash loam ........................................................ 1,024 0.3
Wa 48 Wabash silty clay loam........................................ 704 0.2
Total..................... ! ................................... 364,800
The Lamoure silty clay loam is the largest of the bottomland soils, and it 
covers 3 percent of the county. There is considerable acreage of peat and 
muek in the county, covering 2.7 and 2.2 percent of the total area, respectively. 
The Wabash loam and silty clay loam are both minor in area, covering 0.3 and 
0.2 percent of the county, respectively.
Quite definite relationships are evident between the soil types and the topo­
graphic conditions, at least on the uplands. The Webster silty clay loam and 
the Webster loam are level to depressed in topography in most areas, becoming 
slightly undulating sometimes in the case of the coarser textured types of the 
series. The typical Clarion loam is found on the undulating to gently rolling 
uplands. The rolling phase of the type, as the name indicates, becomes strong­
ly rolling to almost rough along, the streams. The shallow phase of the type 
is found on the roughest of the type where erosion has removed so much of 
the surface soil that only a thin layer is left. The Pierce loam is found on the 
knobs, knolls or ridges extending above the level of the uplands. The Dickin­
son fine sandy loam occurs also on mounds, ridges and knolls, but less striking 
than those on which the Pierce loam is found.
There is little development of topographic features on the terraces or bot­
tomlands. The Waukesha, Sioux and O’Neill soils are on the higher terraces 
and there is usually a slight slope toward the streams but no particular topo­
graphic differences. The Fargo and Benoit soils are found in the old lake 
beds or in depressions with a level to flat topography. The bottomland soils 
are all level to flat in topography, and the peat and muck areas occur in de­
pressed areas.
14 SOIL SURVEY OP IOWA
THE FERTILITY IN HANCOCK COUNTY SOILS
Samples were taken for analysis from each of the soil types in the county. 
The more extensively developed types were sampled in triplicate, while only 
one sample was taken of the minor types.
All samplings were made most carefully in order that the samples would 
represent accurately the typical soils and that there would be no abnormal 
results because of peculiar local conditions or some previous unusual treatment 
of the soil. The samples were taken at three depths, 0 to 6%  inches, 6%  to 
20 inches and 20 to 40 inches, representing the surface, subsurface and subsoils, 
respectively. Analyses were made for total phosphorus, total nitrogen, total 
organic carbon, total inorganic carbon and limestone requirement. The offic­
ial methods were employed for the phosphorus, nitrogen and carbon determina­
tions, and the Truog qualitative test was used for the limestone requirement 
determinations. The figures given in the tables are the averages of all the 
results obtained on all the samples analyzed and they represent, therefore, 
the averages of two or six determinations.
The Surface Soils
The results of the analyses of the surface soils are given in table 4. They 
are calculated on the basis of 2 million pounds per acre of surface soil.
The phosphorus in the various soils is somewhat variable, ranging from 713 
pounds per acre in the Dickinson fine sandy loam up to 1,884 pounds per acre 
in the Lamoure silty clay loam. There is no evidence of any relationship 
between the soil group and the content of phosphorus, although the bottomland 
soils are, on the average, a little better supplied as would be expected because 
of the lower crop growth on these types and hence the smaller removal of plant 
food constituents. There seems to be some relation between the phosphorus
TABLE 4. PLAN T FOOD IN  HANCOCK COUNTY, IOWA, SOILS 
Pounds per acre o f 2 million pounds of surface soil (0 -6 % ")
Soil
no.
Total Total Total Total Limestone
Soil type phos- nitro- organic inorganic require-
pliorus gen carbon carbon ment
DRIFT SOILS
107 Webster silty clay loam........ 1,191 7,780 72,592 4,253
138 Clarion loam ........................... 987 4,733 52,149 4,000
150 Clarion loam (rolling phase). 1,156 3,840 43,377 5,000
55 Webster loam ......................... 1,293 6,480 70,247
175 Dickinson fine sandy loam .. 713 1,320 22,770 5,000
173 Pierce loam ............................. 1,212 2,120 25,388 3,000
252 Clarion loam (shallow phase) 1,158 1,800 19,988 44,887
TERRACE SOILS
109 Fargo silty clay loam............. 1,643 7,560 83,218 2,109
108 O’Neill loam ........................... 1,212 3,520 47,368 5,000
76 Sioux lo a m ............................... 1,185 2,960 37,250 7,000
60 Waukesha loam ..................... 1,158 4,800 50,913 6,000
254 Benoit loam ........................... 1,252 7,120 75,401 2,000
258 Benoit silty clay loam.......... 1,831 9,760 83,292 39,395
SWAMP AND BOTTOMLAND SOILS
111 Lamoure silty clay loam . . . . 1,884 12,360 95,063 5,945
21 Peat* ........................................ 1,171 20,500 176,164 1,000
21a Muck* ...................................... -1,003 14,300 122,316 1,500
49 Wabash loam ......................... 1,858 8,200 70,056 2,000
48 Wabash silty clay loam........ 1,549 6,560 61,930 4,000
♦The results for peat and muck are calculated on the basis of 1 million pounds of surface soil.
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supply and the soil series. Thus the Webster soils on the uplands are higher 
than the Clarion types, and both are better supplied than the Dickinson soil. 
The Pierce loam is higher in phosphorus than would be expected probably 
because of some abnormal condition as this soil would not usually show as high 
a phosphorus content as the Clarion types. On the terraces the Fargo and 
Benoit soils are richer in the element than the other types, as would be expected, 
because of their location in old lake beds. There is little difference in the 
O’Neill, Sioux and Waukesha, although in general the Waukesha soils are a 
little richer in plant food than the other types, because of their sandy or 
gravelly subsoils. On the bottomlands the Lamoure and Wabash soils are some­
what similar in phosphorus content.
There are some indications of the influence of texture upon the phosphorus 
content of the soils, but in most cases the differences are not sufficiently large 
to be significant. Thus the Webster silty clay loam and the Webster loam are 
about the same in content of phosphorus, while ordinarily the silty clay loam 
would be higher than the loam. The shallow phase Clarion loam would be 
expected to be lower than the typical soil, but it was just as well supplied in 
this case. The Benoit silty clay loam is much higher than the Benoit loam, 
as would be anticipated. The Wabash silty clay loam on the bottomlands was, 
however, lower than the loam, which is contrary to the usual results. In gen­
eral it is the rule that soils of fine texture such as silty clay loams, and clay 
loams are higher in plant food than silt loams, while the silt loams are higher 
than loams and loams are richer than sandy loams and sands.
The characteristics which serve to distinguish the various soils seem to have 
some relationship to the phosphorus content. Thus soils which are darker in 
color, more nearly level to flat in topography and those with heavy subsoils 
are generally richer in plant food than those types which are lighter in color, 
rolling to rough in topography, and have heavy subsoils. The Webster soils 
would be expected to be higher than the other upland soils because of their 
black color, level topography and heavy subsoils. The Dickinson soils and the 
Pierce types would be expected to be lower than the other upland types be­
cause of their sandy and gravelly subsoils, as well as their more rolling to rough 
topography. The Sioux and O’Neill soils on the terraces would be expected 
to be lower than the Fargo and Benoit soils because of their sandy subsoils, and 
this is just what the results show.
The phosphorus supply of the soils is certainly in general so low that phos­
phorus will need to be supplied in the near future even if it is not needed at 
present. It seems likely, however, that in many cases, phosphorus fertilizers 
might be used with profit now.
The nitrogen content of the soils varies considerably, ranging from 1,320 
pounds per acre in the Dickinson fine sandy loam up to 12,360 pounds per acre 
in the Lamoure silty clay loam. The muck and peat are higher, of course, 
in nitrogen than any of the mineral soils, as would be expected, but they cannot 
be compared directly with the mineral soils. As in the case of phosphorus 
there is no very definite relationship between the soil group and the nitrogen 
except that the bottomland soils are on the average a little higher than the 
upland soils as would be expected. The greater crop growth on the uplands
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and the removal of plant food would certainly make these soils lower in reserves 
of plant food now than the bottomlands.
Some relation between the soil series and the nitrogen supply is indicated. 
Thus the Webster soils on the uplands are much higher in nitrogen than the 
other types. The Clarion soils come next, followed by the Pierce and Dickinson 
types. On the terraces the Fargo and Benoit soils are richer than the other 
soils, the Waukesha types come next, and the Sioux and O’Neill soils are the 
lowest in nitrogen. The Lamoure soils on the bottoms are somewhat higher 
than the Wabash soils. Again the characteristics which serve to distinguish 
soil series are reflected in the nitrogen content. Types like the Webster and 
Fargo and Benoit and Lamoure are richer in nitrogen because of their black 
color, their heavy subsoils and their level to depressed topography. Types 
like the Dickinson, the Pierce, the O’Neill and the Sioux are lower in nitrogen 
than the other upland and terrace types, because of their sandy or gravelly 
subsoils. Types like the Clarion which are rolling in topography are lower 
in nitrogen than the Webster soils. As would be expected, the rolling phase 
of the Clarion loam has less nitrogen than the typical soil, and the shallow 
phase of the type has still less.
The influence of the texture of the soil upon the nitrogen content is indicated 
in some of the results. Thus the Webster silty clay loam is higher than the 
loam of the same series. The Benoit silty clay loam is richer than the Benoit 
loam. On the bottomlands, the Wabash silty clay loam is higher than the loam 
of the same series. In general it is expected that the finer textured types will 
be higher in plant food than the coarser textured soils and this is usually what 
is found. Thus silty clay loams are normally higher in nitrogen than loams 
or silt loams. The silt loams are higher than loams, and the latter are richer 
than sandy loams or sands.
The supply of nitrogen in the soils is not extremely low, and regular addi­
tions of fertilizing materials supplying nitrogen are necessary if the supply 
is to be kept up. In some cases it is desirable that nitrogen be added now. 
Certainly the element must not be overlooked in planning a system of perman­
ent fertility for the county.
There are some variations in the content of organic carbon in the soils. 
Thus there is a range from 19,988 pounds per acre in the shallow phase of the 
Clarion loam up to 95,063 pounds per acre in the Lamoure silty clay loam on 
the bottomlands. The peat and muck are higher than this as would be expected, 
but they are not mineral soils and hence cannot be compared. There is no 
relationship here between the organic matter content and the soil group except 
that, as in the case of nitrogen there seems to be a slightly larger supply in 
the bottomlands.
Some indications of the effects of the characteristics which are typical of the 
different soil series are shown. Thus the Webster soils on the uplands are 
higher in organic carbon than the other soils, and they are blacker in color, 
level in topography and have heavy subsoils. The Dickinson and Pierce soils 
are lower in organic matter than the Clarion and Webster soils as would be ex­
pected, as they are sandy or gravelly in the subsoils and more rolling to rough 
in topography. The Clarion soils are lower than the Webster soils, as they
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are more rolling in topography and not so black in color. On the terraces the 
Fargo and Benoit soils are the richest in carbon and they are the blackest in 
color and the more level to depressed in topography and have heavy subsoils. 
The Sioux and O’Neill types are the lowest in carbon, and they have sandy or 
gravelly subsoils. On the bottomlands the Lamoure soils are richer than the 
Wabash types.
There is some indication of the effect of texture upon the carbon content. 
Thus the Webster silty clay loam is higher than the loam, the Benoit silty clay 
loam is richer than the Benoit loam. The Wabash loam, however, is higher 
than the silty clay loam which is contrary to the usual results. Evidently this 
soil is somewhat abnormal or at least the sample analyzed was not typical. 
Ordinarily the finer textured soils will be higher in organic carbon than coarser 
textured soils.
Although the supply of organic matter is not low in any of the soils, the 
regular application of fertilizing materials supplying organic matter is neces­
sary to maintain the content. The proper application of all the crop residues 
and farm manure produced on the farm and the supplementing of these 
materials with legumes as green manures is necessary to make the best condi­
tions for crop growth.
The Webster silty clay loam, the shallow phase of the Clarion loam, the Fargo 
silty clay loam, the Benoit silty clay loam and the Lamoure silty clay loam show 
some inorganic carbon in the surface soils, while the other types in the county 
are acid in reaction and show a limestone requirement. The Clarion loam, the 
Webster loam and the Pierce loam also show a lime content in the lower soil 
layers, but they are acid in the surface soil. In spite of this lime supply in the 
lower layers, these soils must be limed as there is acidity at the surface which 
will lower crop yields if it is not neutralized by lime. The soils of the Clarion, 
Dickinson, O’Neill, Waukesha, Sioux and Wabash series should be tested for 
lime needs. The Webster loam, the Benoit loam and occasionally the heavier 
types of these series will need to be tested to determine whether or not liming 
is necessary for legume growth. I f  soils are acid it is impossible to obtain the 
best growth of legumes and in some cases they will not grow without first lim­
ing the land.
The figures given in the table showing the limestone requirements of the 
soils are indicative only of the lime needs of the soils as soils vary widely in lime 
needs, even in the same field. It is necessary, therefore, always to test the 
particular soil before any application of lime is made.
The Subsurface Soils and Subsoils
The results of the analyses of the subsurface soils and subsoils are given in 
tables 5 and 6. They are calculated on the basis of 4 million pounds of sub­
surface soil and 6 million pounds of subsoil per acre.
Unless there is a very large amount of some plant food constituent or an 
unusual deficiency in the lower soil layers, there is little influence upon the fer­
tility of the soil from the plant food present in the subsurface soils and sub­
soils. There is no evidence of excessive amounts or very large deficiencies in
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TABLE 5. PLANT FOOD IN  HANCOCK COUNTY, IOWA, SOILS 
Pounds per acre o f 4 million pounds o f subsurface soil (6% "i-20")
Soil Total Total Total Total LimestoneSoil type phos- nitro- organic inorganie require-
phorus gen carbon carbon ment
DRIFT SOILS
107 Webster silty clay loam........ 2,383 7,840 94,281 18,798
138 Clarion loam ........................... 1,795 6,000 67,883 3,500
150 Clarion loam (rolling phase) . 1,759 4,907 54,976 5,000
55 Webster loam ......................... 2,020 6,480 79,801
175 Dickinson fine sandy loam. . . 1,454 1,840 21,925 5,000
173 Pierce loam ........................... 1,562 720 18,715 154,176
252 Clarion loam (shallow phase) 2,208 1,840 30,151 93,273
TERRACE SOILS
109 Fargo silty clay loam............. 1,804 2,000 36,401 6,521
108 O’Neill loam ........................... 2,450 5,680 73,247 5,000
76 Sioux loam ............................. 2,236 4,080 53,449 7,000
60 Waukesha loam ..................... 2,046 5,040 61,030 8,000
254 Benoit loam ........................... 1,480 5,840 66,866
258 Benoit silty clay loam.......... 2,936 11,920 117,541 74,385
SWAMP AND BOTTOMLAND SOILS
111 Lamoure silty elay loam........ 3,016 12,880 136,909 21,865
21 Peat* ........................................ 1,764 37,800 368,145 750
21a Muck* ...................................... 1,064 20,000 188,599 750
49 Wabash loam ......................... 2,100 8,240 91,845 2,000
48 Wabash silty clay loam........ 2,396 8,320 100,408 3,000
♦The results for peat and muck are calculated on the basis of 2 million pounds of subsurface soil 
per acre.
the lower layers of the soils in Hancock County, and hence the results of the 
analyses of the subsurface soils and subsoils need not be considered in detail.
The needs of the soils as indicated by the analyses of the surface soils are 
very largely confirmed by an examination of the results of the subsurface and 
subsoil analyses. Thus there is evidence that phosphorus will be needed in
TABLE 6. PLANT FOOD IN  HANCOCK COUNTY, IOWA, SOILS 
Pounds per acre o f 6 million pounds o f subsoil (2 0 "-4 0 ")
Soil type
Total Total Total Total Limestone
no. phos- nitro- organic inorganie require-phorus gen carbon carbon ment
DRIFT SOILS
107 1 Webster silty clay loam........
138 1 Clarion loam ...........................
150 1 Clarion loam (rolling phase) . 
55 1 Webster loam .........................
3,778
2,813
3,720
3,555
1,657
3,720
3,240
4,320
3,000
1,920
72,219 
44,823 
43,249 
50,913 
18,243 
No sample 
29,892
94,365
66,567
62,230
175 1 Dickinson fine sandy loam ... 
173 1 Pierce loam .............................
252 1 Clarion loam (shallow phase) 2,988 840 133,400
TERRACE SOILS
109 Fargo silty elay loam........... 3,273 1,560 26,353 32,222
108
76
O’Neill loam ...........................
Sioux loam .............................
3,393 5,640 79,273 
No sample 
44,177
5,000
60 Waukesha loam ..................... 1,980 3,960 8,000
254 Benoit loam ........................... 2,301 4,200 33,787
258 Benoit silty clay loam.......... 3,030 2,040 44,802 105,564
SWAMP AND BQTTOMLAND SOILS
111
21
Lamoure silty elay loam. . . .  
Peat* ........................................
3,2fl3 5,400 81,401 
No sample 
157,620
86,145
21a Muck* ...................................... 956 13,600
49 Wabash loam ......................... 2,220 5,160 59,984 2,000
48 Wabash silty clay loam........ 2,7^5 6,240 103,244 2,000
♦The results for peat and muck are calculated on the basis of 4 million pounds of subsoil per acre.
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the very near future if the supply is to be kept up, and it seems likely that the 
use of a phosphorus fertilizer might prove of much value now. There is need of 
keeping up the content of nitrogen by the regular addition of farm manure, 
crop residues and the use of legumes as green manures. Some of the types 
are low in organic matter and need these same fertilizing materials to increase 
the supply. All the types must receive these materials regularly if the con­
tent of organic matter is to be kept up. There is some acidity in the soils of 
the area, and wherever the surface soil is acid, it is necessary to apply lime. 
The testing of most of the soils in the county is very desirable if legumes are 
to be most successfully grown.
GREENHOUSE EXPERIMENTS
Two greenhouse experiments were carried out on soils from Hancock Coun­
ty, in order to learn something of the value of the application of certain fer­
tilizing materials. These tests were conducted on the typical Clarion loam 
and on the rolling phase of the type, two of the most important soils in the county.
In these tests the soils are treated with manure, lime when needed, super­
phosphate and muriate of potash. These fertilizers are added in the same 
amounts as used in the field. Thus manure is applied at the rate of 8 tons 
per acre, limestone in sufficient amounts to neutralize the acidity of the soil, 
superphosphate at the rate of 200 pounds per acre and muriate of potash 
at the rate of 50 pounds per acre. Wheat and clover were grown in all the 
tests, the clover being seeded when the wheat had been up about a month.
The Results on the Clarion Loam
The results obtained in the greenhouse experiment on the Clarion loam are 
given in table 7. Manure increased the wheat crop and more than doubled 
the clover. Limestone with manure increased the wheat and showed pro-
TABLE 7. GREENHOUSE EXPERIM ENT, CLARION LOAM, HANCOCK COUNTY
Pot
no. Treatment
Weight of 
wheat grain 
in grams
Weight of 
clover 
in grams
1 Check .................................................................................................. 5.8 13.5
2 Manure ...............................................................•............................. 6.6 33.6
3 Manure -f-limestone ......................................................................... 7.2 41.0
4 Superphosphate ............................................................................... 8.4 30.7
5 Manure-j-superphosphate ............................................................ . 6.8 57.2
6 Limestone-|-superphosphate ........................................................ 9.7 42.6
7 Manure-f-limestone-f-superphosphate .......................................... 8.3 60.6
8 Manure-j-limestone-j-superphosphate-j-muriate of potash. . . . 7.2 66.3
nounced effects on the clover crop. Superphosphate had a greater effect than 
manure on the wheat crop but brought about a smaller effect than manure 
alone on the clover. Manure with superphosphate had no effect upon the 
wheat but had a very large effect upon the clover. Limestone and superphos­
phate gave an increase in both crops over superphosphate alone, showing a very 
pronounced gain in the clover. Manure with limestone and superphosphate 
had no further effect on the wheat, but it did bring about a gain in the clover. 
The effect of this treatment was greater than that of manure and superphos­
phate without limestone both with wheat and clover. Muriate of potash with
20 SOIL SURVEY OP IOW A
Pig. 3. Clover on Clarion loam in the greenhouse experiment.
manure, limestone and superphosphate had no effect upon the wheat but brought 
about a slight gain in the clover.
The Results on the Clarion Loam (Rolling Phase)
The results of the greenhouse experiment on the rolling phase of the Clarion 
loam are given in table 8. Manure showed no effect on wheat when used alone 
on this soil, but it brought about a very large increase in the clover, giving 
almost four times as large a yield as on the check soil. Limestone with manure 
increased both crops, giving twice as large a crop of clover as that obtained with 
manure alone. Superphosphate alone had a greater effect than manure alone on 
the wheat and a slightly greater effect on the clover. Manure with superphosphate 
had no effect on the wheat but increased the clover enormously. Limestone with 
superphosphate had a very large effect on the wheat, much greater than sup­
erphosphate alone or manure and superphosphate. In the case of the clover 
limestone and superphosphate had a greater effect than superphosphate alone 
but not as large an influence as that brought about by manure and superphos­
phate. Manure with limestone and superphosphate did not increase the wheat 
crop more than limestone and superphosphate without manure, but it did bring 
about a large gain in the clover. Muriate of potash with manure, limestone 
and superphosphate gave a slight increase in both the wheat and clover crops.
Fig. 4. Clover on Clarion loam (rolling phase) in the greenhouse experiment.
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TABLE 8. GEEENHOUSE EXPERIMENT, CLARION LOAM (ROLLING PHASE)
HANCOCK COUNTY
Pot
no. Treatment
Weight of 
wheat grain 
in grams
Weight of 
clover 
in grams
1 Check ...................................................................................... 4 2 6.9
2 Manure .......................................................................................... 4.2 24 5
3 Manure-f-limestone ......................................................................... 6.9 49.9
4 Superphosphate ........................................................ ...................... 6.0 28.7
5 Manure+superphosphate ............................................................... 4.3 53.8
6 Limestone-fsuperphosphate ........................................................ 7.9 48.8
7 Manure-f-limestone-f-superphosphate .......................................... 7.8 68.8
8 Manure-j-limestone-j-superphosphate-|-muriate of potash. . . . 8.2 74.4
FIELD EXPERIMENTS
No field experiments have been carried out in Hancock County, but the 
results of tests which are under way in other counties on the same soil types 
as those occurring in this county, will be given in this report to indicate 
the value of certain fertilizer treatments. The data obtained on the Webster 
silty clay loam on the Newell Field and on the Storm Lake Field in Buena 
Vista County; on the Clarion loam on the Truesdale Fields I and II in Buena 
Vista County, on the Clarion Field in Wright County, on the Buthven Field 
in Palo Alto County, and on the Superior Field in Dickinson County; on the 
Webster loam on the Lundgren Field in Webster County; on the O’Neill loam 
on the Everly Field I and on the Lamoure silty clay loam on the Everly Field 
II in Clay County are included. The results obtained on these fields may be 
considered to indicate fairly accurately the effects of the same fertilizers on the 
same soils in this county.
The field experiments are all planned to determine the relative effects of 
certain methods of soil treatment. They are laid out on land which is repre­
sentative of the different soil types, and all precautions are taken to obtain 
accurate results. The plots are permanently located by the installation of 
corner stakes, applications of fertilizers are made regularly and the crop 
rotation which the farmer is following is used. On these fields tests are car­
ried out under the livestock and the grain systems of farming, manure being 
applied in the former, while crop residues are used in the latter. The other 
fertilizing materials tested include limestone, rock phosphate, superphosphate, 
a complete commercial fertilizer and muriate of potash.
Manure is applied at the rate of 8 tons per acre once in the 4-year rotation. 
Limestone is used in sufficient amounts to neutralize the acidity of the soil. Bock 
phosphate is added at the rate of 500 pounds per acre once in 4 years. Until 
1925 this material was added at the rate of 1 ton per acre once in a 4-year 
rotation. From 1925 to 1932 it was used at the rate of 1,000 pounds per acre. 
Superphosphate is used at the rate of 120 pounds per acre of the 20 percent 
material, three times in the 4-year rotation. Until 1923 ..this material was 
added at the rate of 200 pounds per acre of the 16 percent material annually. 
After 1923, 150 pounds of the 16 percent superphosphate were employed 
3 years out of 4 in the 4-year rotation. Until 1923 the old standard 2-8-2 
complete commercial fertilizer was used, being applied at the rate of 300 
pounds per acre annually. From 1923 to 1929, a 2-12-2 standard complete fer­
tilizer was employed, the application being made at the rate of 200 pounds
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per acre annually, thus applying the same amount of phosphorus as that 
supplied in the superphosphate. Beginning in 1929, a 2-12-6, 2-16-2 or 4-16-4 
complete commercial fertilizer was used, the application being made 3 years out 
of 4 in the 4-year rotation, in sufficient amount to equal the phosphorus sup­
plied in the superphosphate. On the Webster silty clay loam and the Lamoure 
silty clay loam the 2-16-2 brand is being used, on the Clarion loam and the Web­
ster loam the 2-12-6 brand is employed while on the O’Neill loam the 4-16-4 
brand is applied. Muriate of potash is applied at the rate of 25 pounds per 
acre annually 3 years out of 4 in the 4-year rotation.
The Newell Field
The results obtained in the field experiment on the Webster silty clay loam 
on the Newell Field, Series I in Buena Vista County are given in table 9. 
Applications of manure brought about large increases in the crops in all but one
TABLE 9. FIELD EXPEEIM ENT, W EBSTEE SILTY CLAY LOAM, BIJENA VISTA 
COUNTY, NEWELL FIELD,* SEEIES I
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1 C h eek ....................... 69.0 44.8 56.7 0.53 68.7 59.2 1.70 51.2 45.7 4.71 2.52 3.87 4.02
2 Manure ................... 70.9 49.1 64.1 0.60 70.5 65.6 1.97 31.4 50.5 4.81 2.67 4.02 4.75
3 Manure-)-limestone 71.4 54.4 63.5 0.70 69.9 68.3 59.8 1.95 23.5 50.2 4.84 2.57 3.67 4.96
4 Manure-j-limestone 
-f-rock phosphate 74.1 61.4 69.7 0.70 74.1 69.3 63.5 2.04 46.4 31.4 4.36 2.Ó4 3.32 3,94
5 Manure-)-limestone 
-{-superphosphate 66.9 65.1 76.3 1.13 80.0 63.4 65.5 2.36 36.3 37.4 5.57 2.69 3.03 4.07
6 Manure-(-limestone 
-(-complete com­
mercial fertilizer 66.4 70.9 68.9 1.20 74.4 67.7 72.2 2.22 28.3 50.6 5.09 2.49 2.96 4.13
7 Check ....................... 60.9 62.4 59.4 0.58 66.9 55.0 62.3 1.35 45.9 31.1 2.24 0.89 2.01 2.90
8 Crop residues......... 62.9 56.1 59.4 0.50 63.6 56.4 66.5 1.10 52.3 33.2 2.05 0.89 1.78 3.05
9 Crop residues -f- 
limestone ............. 64.6 59.2 61.4 0.43 64.2 59.5 71.8 1.21 57.6 41.7 2.34 1.03 2.03 3.94
10 Crop residues-}- 
limestone-f-rock 
phosphate ........... 63.4 60.8 56.7 0.53 67.3 65.9 66.9 1.88 50.1 40.5 3.16 1.81 2.20 4.34
11 Crop residues -j- 
limestone-f-super- 
phosphate ........... 62.4 68.5 72.0 0.90 67.3 64.1 69.3 2.08 58.6 52.1 4.19 2.31 2.12 4.74
12 Crop residues-f- 
limestone-|-com- 
plete commercial 
fertilizer ............. 61.3 65.3 71.3 0.93 67.0 65.8 2.29 47.5 48.5 4.71 2.15 2.28 4.43
13 Cheek ....................... 59.4 65.3 60.1 0.58 66.2 60.9 1.78 54.9 45.5 2.44 1.17 2.09 3.64
(1) No limestone applied to plots until the fall of 1920.
(2) Plots 1, 2, 12 and 13 cut before field man arrived at field.
(3) Mixture of red clover and biennial white sweet clover.
(4) Corn cut early because of hot, dry season, average moisture content 37.5 percent which accounts 
for varying yields.
(5) Corn replanted because of damage by alkali, second planting also damaged. Corn immature 
when frost came; high moisture content accounts for varying yields.
(6) Mixture of oats and barley grown; no attempt to figure yield in bushels per acre.
(7) Low wet area on plots 1, 2 and 3 responsible for high yields, also high alkali content on these 
plots which seemed to favor the growth of alfalfa. Total of three cuttings.
(8) Same conditions on plots 1, 2 and 3 as in 1929. Total of two cuttings.
Field discontinued in 1933.
♦The Newell Field was established in the fall of 1917 on the farm of George Boyce, near Newell, 
in Buena Vista County. It is located in the SW corner of the NW % of the SW % of Section 
20, T. 90 N„ R. 35 W. in Newell Township.
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season, in 1926, when the yields were abnormal owing to hot, dry weather. 
The effects of the manure were evidenced on the corn and oats, but particularly 
on the clover and alfalfa. Limestone with manure gave slight increases in crop 
yields in several seasons. The effects were not large, however, and since this 
soil is only slightly acid, if at all, and the acidity is confined to the surface 
soil, no large effect from the limestone was expected.
Rock phosphate and superphosphate with manure and limestone brought 
about increases in crop yields in practically all seasons. There were one or two 
exceptions, but in these cases the differences were small. The effects of the 
two materials showed up particularly well on the clover in 1925. Superphos­
phate had large effects on the clover in 1921 and on the alfalfa in 1929. The 
influence on the corn in 1922 and on the oats in 1920 was définite. In most 
cases superphosphate seemed to be somewhat preferable to rock phosphate. 
There were, however, one or two exceptions. In 1918, 1923 and 1926, rock phos­
phate gave larger yields than superphosphate. The yields on the plots in 1926, 
1927, 1930, 1931 and 1932 were evidently abnormal owing to unfavorable sea­
sonal conditions. Complete commercial fertilizer showed slightly larger ef­
fects than superphosphate in one or two cases, but in general superphosphate 
gave fully as large or even larger increases in crop yields.
Crop residues had small effects on the yields on this soil, as would be ex­
pected. Limestone with residues gave slight increases in crop yields in several 
cases. The differences were not large, however, except on the clover in 1925 
and the alfalfa in 1929, 1930, 1931 and 1932.
Rock phosphate, superphosphate and complete commercial fertilizer applied 
with crop residues and limestone showed some beneficial effects on the various 
crops in some cases, but in other instances, no effects were evidenced. The 
clover in 1925 showed a particularly large benefit from the use of phosphate 
materials. Similarly in 1921, the clover was increased to a large extent by 
both superphosphate and complete commercial fertilizer, and in 1929, 1930 and 
1932 the alfalfa showed very large benefits from both phosphates and com­
plete commercial fertilizer. Superphosphate and complete fertilizer both in­
creased the oat yield to a large extent in 1920 and had a beneficial influence 
on the corn in 1919 and 1927. In some of the other seasons as in 1922, and 
1923, the three materials gave practically identical effects, all showing in­
creases over the crop residues and limestone alone.
The Storm Lake Field
The data obtained in the field experiment on the Webster silty clay loam on 
the Storm Lake Field in Buena Vista County are given in table 10. Manure 
brought about beneficial effects on the variotis crops grown, showing up par­
ticularly well on the clover and alfalfa. Considerable gains were noted also 
on some of the corn crops and on the barley in 1925. The soil was not acid 
in reaction and hence no limestone was applied.
The use of rock phosphate and superphosphate with manure brought about 
increases in crop yields in all cases, the effects being particularly large on the 
corn in 1920 and 1926 and on the clover in 1922. Rock phosphate generally 
showed slightly less effect than superphosphate. The reverse was true, how-
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TABLE 10. FIELD EXPERIM ENT, W EBSTER SILTY CLAY LOAM, BUENA VISTA 
COUNTY, STORM LAK E F IE L D / SERIES I
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1 Check ........................................ 73.0 54.7 48.2 45.1 0.75 51.0 22.7 40.9 50.4 54.5 3.11 3.51
2 Manure .................................... 73.0 54.1 57.3 42.2 1.01 60.7 27.5 47.8 50.1 50.5 3.45 4.99
3 Manure+superphosphate-)- 
muriate o f potash............... 73.0 57.6 58.1 36.3 1.29 65.1 29.2 56.9 53.6 53.0 4.13 5.31
4 Manure-f-rock phosphate . . . 80.6 61.1 64.2 43.8 1.26 66.4 31.0 61.8 48.5 53.2 4.62 5.44
5 Manure-j-superphosphate ..  . 74.5 66.4 76.5 51.8 1.42 68.5 31.8 57.6 58.4 51.7 4.12 5.37
6 Manure-f-complete commer­
cial fertilizer ....................... 82.0 61.1 80.0 43.8 1.43 66.8 33.9 60.7 52.8 52.5 4.56 5.78
7 Check ........................................ 70.0 71.5 66.6 40.9 1.10 55.8 34.0 44.5 48.5 54.5 3.88 4.08
8 Crop residues ......................... 85.1 75.7 67.6 49.1 1.08 63.3 37.3 44.5 51.2 47.4 4.35 4.44
9 Crop residues-(-superphos- 
phate+muriate o f potash.. 76.0 70.1 67.2 41.1 1.25 70.7 35.7 64.4 52.8 51.2 5.08 5.54
10 Crop residues-froek phos­
phate .................................... 79.0 70.4 76.2 41.6 1.20 63.2 27.4 52.8 50.1 54.5 4.60 4.93
11 Crop residues-f-superphos- 
phate .................................... 73.0 64.0 76.2 45.5 1.23 63.1 31.1 58.2 49.6 47.0 4.81 5.56
12 Crop residues -f- complete com­
mercial fertilizer ............... 85.1 67.5 76.2 43.8 1.13 61.3 27.2 58.1 43.5 61.9 4.45 5.07
13 Check ........................................ 79.0 67.5 67.7 39.7 0.86 51.9 23.1 41.6 34.9 49.5 2.52 3.13
(1) Soil basic; no manure added until 1919. Oats badly lodged.
(2) Superphosphate and muriate of potash (50 pounds per acre) applied to plots 3 and 9 in 1922.
(3) Hogs in corn damaged yield.
(4) Early frost left corn very chaffy and light, and practically none was marketable.
(5) Total of three cuttings.
(6) Field subject to flooding; soil not uniform. Series discontinued.
♦The Storm Lake Field, Series I, was established in 1917 on the J. T. Edson farm, near Storm 
Lake, in Buena Vista County. It was located in the NE %  of the SE % of Section 12, T. 90 N, 
R. 37 W. in Hayes Township.
ever, on the barley in 1925, the oats in 1918 and 1927 and the alfalfa in 1928 
and 1929.
Muriate of potash with manure and superphosphate showed no beneficial 
effect on the crops in any season over that obtained with superphosphate and 
manure. Complete commercial fertilizer with manure gave slightly larger in­
creases than superphosphate in several seasons. In other cases the beneficial 
effects were not so. large. In no case was there any considerable difference 
between the effects of the two materials.
The crop residues had little effect on the yields on this soil. Rock phosphate 
and superphosphate applied with residues brought about definite increases in 
yields in some cases, particularly on the corn in 1920, the barley in 1925 and . 
the alfalfa in 1928 and 1929. In several cases, however, the phosphates did 
not seem to show any particularly large effect when applied without manure. 
Complete commercial fertilizer brought about larger effects than superphos­
phate in several instances but in other cases had less value. Muriate of potash 
applied with superphosphate and crop residues increased the crop yields in 
practically all seasons, showing the greatest effects on the alfalfa in 1928.
The Truesdale Field
The results of the field experiment on the Clarion loam on the Truesdale 
Field, Series I, are given in table 11. Manure increased the crops in most sea-
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TABLE 11. FIELD EXPERIMENT, CLARION LOAM, BUENA VISTA COUNTY, TRUESDALE FIELD,* SERIES I
Treatment
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3
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Cheek ............................................................................................
M anure........ .................................................., ....................... . .
M anure+lim estone.....................................................................
Manure-flimestone-f-roek phosphate ....................................
Manure-|-limestone-i-superphosphate ....................................
Manure-|-limestone-j-eomplete commercial fertilizer..........
Cheek ............................................................................. ..............
Crop residues ............................... ............ .......... ..................
Crop residues+limestone .........................................................
Crop residues-f-limestone-frock phosphate .........................
Crop residues-}-limestone-j-superphosphate .........................
Crop residues-}-limestone-fcomplete commercial fertilizer 
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38.9 56.5 57.2 1.40 48.6 44.2 13.0 48.3 1.12 59.3 37.3 39.3 42.3 32.9 46.8
44 3 57.1 57.9 1.20 61.6 57.7 24.2 57.0 1.45 62.9 54.1 37.9 43.7 38.8 49.9
46 4 58.1 59.2 1.60 64.0 61.2 32.7 63.2 1.64 68.7 53.9 37.9 42.7 37.4 49.5
54 4 58.7 64.7 2.45 63.2 60.0 34.1 64.6 1.77 74.8 60.8 42.4 38.2 48.8 55.5
49.6 58.7 64.9 3.30 61.6 61.2 32.8 73.1 1.60 69.3 55.2 49.9 36.9 47.0 57.5
49 6 58.7 64.7 3.10 63.7 68.0 37.5 71.0 1.79 70.9 56.3 53.0 34.4 46.5 55.8
38.4 58.1 56.4 2.20 51.0 54.8 30.2 50.4 1.13 51.9 40.3 37.0 40.7 34.3 44.6
49 1 61.9 67.7 2.20 49.7 55.5 27.1 44.3 1.52 54.5 37.1 37.0 39.6 36.3 41.2
51 2 66.6 66.0 2.20 50.6 54.5 31.0 51.7 1.68 59.9 49.3 37.9 27.3 35.4 42.8
58.9 68.8 68.1 3.10 61.6 60.0 31.4 57.6 1.50 64.7 49.3 42.4 24.4 36.7 47.6
57.6 67.2 76.8 2.90 64.1 64.5 24.5 71.0 1.44 69.3 49.6 43.9 25.1 39.4 49.5
62 9 66.1 77.6 3.00 60.4 77.0 34.4 71.6 1.29 64.3 50.4 42.4 24.1 40.8 49.1
47 5 64.0 56.5 2.10 49.0 48.7 29.6 54.4 0.92 55.5 36.3 38.6 34.3 36.3 45.0
(1) Plots 8 to 13 had more moisture; slopes into heavier soil.
(2) Plots 1 and 2 injured by squirrels. Corn green when husked due to killing frost.
(3) Hot, dry weather in June damaged oats.
(4) Field pastured. Sweet clover stand very uneven. Not worth fencing. No results.
(5) Considerable hail damage on July 11.
*The Truesdale Field, Series I, was established in the fall of 1917 on the farm of J. N. Horlacher, north of Storm Lake, in Buena 
Vista County. It is located in the SW corner of the NW % of the SB % of Section 3, T. 91 N, R; 37 W. in Washington Township.
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sons. Only on the clover in 1921 and the barley in 1929 were no increases 
obtained. The largest effect appeared on the corn in 1922 and 1928. The 
sweet clover in 1926 also showed a large increase. Limestone increased the 
yields in all cases except the corn in 1928 and 1930 and the oats in 1931. It 
showed the best results with the clover as would be expected. Rock phosphate 
with manure and limestone gave increases in most cases, the largest effect ap­
pearing on the clover. The effect on the oats and corn was small. No in­
creases were obtained on the corn in 1922 and 1930 nor on the oats in 1923. 
Superphosphate with manure and limestone gave similar increases to rock 
phosphate in some seasons. With the clover in 1921, however, there was a 
much larger effect from superphosphate, while on the same crop in 1926 
there was a smaller influence. The oats in 1925 were increased to a greater 
extent by superphosphate than by rock phosphate and the barley in 1929 
showed a greater influence from superphosphate. In most of the other seasons, 
the variations between the effects of the two phosphates were insignificant. Com­
plete commercial fertilizer showed gains that were similar to those brought 
about by the phosphates, giving slightly smaller effects than superphosphate 
in some cases and somewhat greater in other instances.
Crop residues showed small effects on the yields of succeeding crops except 
in one or two instances. Limestone with the residues brought about increases 
in crop yields in most cases, the effect being evidenced most on the sweet 
clover in 1926 and on some of the oats crops. Rock phosphate with limestone 
and residues increased the yields of crops in practically all cases. Only with 
the clover in 1926 and the corn in 1930 was no increase shown. Some of the 
increases were large while others were small. The clover in 1921 showed a 
large increase. The oats in 1923 and in 1925 were increased considerably. 
The corn in 1927 showed an appreciable gain, and this was also true in 1933. 
Superphosphate with crop residues and limestone had larger effects than rock 
phosphate in some instances, particularly on the oats in 1920 and 1925, with 
very large differences appearing in the latter year. In several other cases, 
however, rock phosphate seemed to give quite as large effects as superphosphate. 
In the case of the clover crop, rock phosphate gave a slightly larger effect than 
superphosphate. The differences, however, were usually not large enough to 
be significant. Only on the oats in 1923 and the corn in 1924 were the differ­
ences of very large importance.
Complete commercial fertilizer with the residues and limestone showed some­
what larger effects than superphosphate in several seasons, but many of the 
differences were hardly large enough to be significant. In general it would 
seem that a phosphate might be employed with greater profit because of the 
lower cost of the application.
Table 12 gives the results obtained in the experiment on the Clarion loam on 
the Truesdale Field, Series II in Buena Vista County. Again the application 
of manure increased the yields of the various crops, showing very large effects 
in practically all cases. The. corn and oats crops were very largely benefited 
by the use of manure, and a large increase in the yield of clover was obtained in 
1923 and of alfalfa in 1929 and 1932. Limestone brought about further gains-
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TABLE 12. FIELD EXPERIM ENT, CLARION LOAM, BUENA YISTA COUNTY, TRUESDALE FIELD,* SERIES II
Treatment
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3
4
5
6
7
8 
9
10
11
12
13
Cheek .................................................................................................. ..
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Manure-f-limestone ................... .................. ; ...................................
Manure-|-limestone+rock phosphate ............................................
Manure-j-limestone-j-superphosphate ............................................
Manure-(-limestone-)-complete commercial fertilizer.................
Cheek ........ ................................................................ ...........................
Crop residues ....................... .............. ................................... ............
Crop residues-j-limestone . . . .........................................................
Crop residues-f-limestone-j-rock phosphate .................................
Crop residues-j-limestone-fsuperphosphate ..................................
Crop residues-(-limestone-(-complete commercial fertilizer 
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to
ns
 p
er
 A
.
19
24
 c
or
n
bu
. 
pe
r 
A
. 
(4
)_
_
19
25
 c
or
n 
bu
. 
pe
r 
A
.
19
26
 o
at
s
bu
. 
pe
r 
A
. 
(5
)
19
27
 c
or
n 
bu
. 
pe
r 
A
.
19
28
 b
ar
le
y 
bu
. 
pe
r 
A.
19
29
 a
lfa
lfa
 
to
ns
 p
er
 A
. 
(6
)
19
30
 a
lfa
lfa
 
to
ns
 p
er
 A
. 
(6
)
19
31
 a
lfa
lfa
 
to
ns
 p
er
 A
. 
(6
)
19
32
 a
lfa
lfa
 
to
ns
 p
er
 A
. 
(7
)
19
33
 a
lfa
lfa
 
to
ns
 p
er
 A
. 
(6
)
69 9 47.5 32.8 18.5 1.72 38.0 40.0 29.9 50.1 31.8 2.09 2.75 1.56 3.52 1.71
94.2 57.0 39.7 24.6 1.90 52.7 50.4 38.1 55.3 33.3 2.33 2.65 1.58 3.97 1.68
91.2 59.0 41.8 27.2 1.86 46.9 51.8 37.0 54.5 45.4 2.87 2.75 1.70 4.35 1.67
88.2 61.2 38.1 32.4 2.26 44.4 51.7 37.3 57.3 39.3 3.03 3.06 1.83 4.37 1.67
91.2 1.89 62.1 40.2 31.0 2.24 24.4 54.8 43.3 57.7 45.4 3.28 3.52 2.05 4.90 1.72
88.2 2.00 64.0 44.5 31.9 2.42 45.0 58.6 43.6 58.0 46.9 3.24 3.26 2.12 5.28 1.82
85.1 1.59 57.1 36.3 23.6 1.93 42.9 51.6 34.3 55.2 34.8 1.86 2.61 1.43 4.02 1.62
89.7 1.98 58.5 32.9 31.2 1.98 40.7 59.2 35.4 55.1 39.3 2.29 2.64 1.39 4.19 1.62
97.3 2.07 59.2 40.1 29.8 2.03 41.8 52.2 32.7 52.9 42.4 2.51 2.87 1.58 4.56 1.70
91.2 2.19 60.0 35.6 34.4 2.39 46.0 51.1 38.7 56.3 37.9 3.14 3.06 1.66 4.56 1.75
92.7 2.22 60.4 33.6 36.8 2.11 40.7 60.4 47.4 54.4 40.9 3.05 3.23 1.67 4.90 1.72
95.8 2.37 61.9 35.5 37.3 2.39 39.3 55.2 40.3 53.6 42.4 3.28 3.12 1.65 4.82 1.79
85.1 1.91 60.9 34.9 28.4 2.03 39.5 49.8 29.9 50.8 31.8 1.85 2.58 1.31 4.58 1.68
( 1 )
( 2)
(3)
(4) (o) 
( 6) 
(7)
Plots 1, 2, 3 and 4 disced and seeded to oats. Clover winterkilled.
Poor stand of corn.
Oats green when cu t; light and chaffy.
Plot 5 injured by squirrels.
Dry season —  low yields.
Total of two cuttings.
Total of three cuttings. i  T .♦The Truesdale Field. Series II, was established in the fall of 1917 on the J. N. Horlacher farm north of Storm Lake, in Buena \ ista 
County. It is located in the SE corner of the NW % of the SW % of Section 3, T. 91, N„ R. 37 W in Washington Township.
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in crop yields in most cases. In one or two instances, limestone had no effect, 
bnt in general, as on the alfalfa, it was very effective.
Rock phosphate, superphosphate and complete commercial fertilizer with 
manure and limestone increased the yields of crops in practically all cases. 
In one or two seasons, rock phosphate did not appear to be of value, but 
superphosphate and complete commercial fertilizer always brought about con­
siderable increases in yields, the effects being particularly noted on the clover 
in 1923 and on the alfalfa in 1929, 1930, 1931, 1932 and 1933. Superphosphate 
generally brought about slightly greater effects than rock phosphate, but 
many of the differences were not significant. Complete commercial fertilizer 
had slightly greater effects than superphosphate in some seasons, but in general 
the differences between the two materials were too small to permit of definite 
conclusions.
Crop residues had a slight effect on the crop yields in several instances. The 
application of limestone with the residues increased the yields in most cases. 
The effects were not large, however, except in one or two cases, especially on 
the alfalfa, and in some instances no gains were obtained on the corn and oats.
Rock phosphate, superphosphate and complete commercial fertilizer in­
creased the crop yields in practically all seasons. Superphosphate with crop 
residues and limestone seemed to be slightly superior to rock phosphate in some 
seasons, while in other cases, rock phosphate gave slightly greater effects. 
A  larger influence from the latter material appeared on the clover in 1923, on 
the corn in 1924, and on the alfalfa in 1929. Superphosphate, however, gave 
much larger effects on the corn in 1925, on the oats in 1926 and on the alfalfa in 
1930 and 1932. It showed small gains in other seasons. Complete commercial 
fertilizer with residues and limestone had about the same effect as superphos­
phate in most seasons, showing less influence, however, than the latter material 
in 1925, 1926, 1930 and 1931 and having slightly larger effects in some other 
seasons.
The Clarion Field
The results obtained on the Clarion loam on the Clarion Field in Wright 
County are given in table 13. The application of manure increased the crop 
yields in all but one season, showing very large effects on the oats in 1925, 
the sweet clover in 1926 and 1931 and the corn in 1927. Limestone with man­
ure proved beneficial in most cases, showing the largest influence, as would be 
expected, on the sweet clover in 1926 and 1931. Small gains were also obtained 
on some of the other crops.
Rock phosphate with manure and limestone increased the crop yields in all 
but one season, showing the largest effects on the oats in 1925, and on the sweet 
clover in 1926 and 1931. Superphosphate with manure and limestone showed 
slightly larger effects than rock phosphate in three cases but had smaller 
effects in the other seasons. The differences between the effects of the two phos­
phates were generally too small to be significant.
Muriate of potash applied with manure, limestone and superphosphate in­
creased the crop yields in some seasons but not others. In general the differ­
ences were small. Complete commercial fertilizer with manure and limestone
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TABLE 13. FIELD EXPEEIMENT, CLAEION LOAM, WEIGHT COUNTY 
CLAEION F IE L D / SEEIES I
P
lo
t 
no
. Treatment
19
22
 o
at
s 
bu
. 
pe
r 
A.
19
23
 c
lo
ve
r 
to
ns
 p
er
 A
. 
(1
)
19
24
 c
or
n
hi
t. 
pe
r 
A
. 
(2
)
19
25
 o
at
s 
bu
. 
pe
r 
A.
19
26
 s
w
ee
t 
cl
ov
er
 
to
ns
 p
er
 A
.
19
27
 c
or
n 
bu
. 
pe
r 
A.
19
28
 o
at
s a
nd
 b
ar
le
y 
bu
. 
pe
r 
A
. 
(3
)
19
29
 c
or
n 
bu
. 
pe
r 
A.
19
30
 w
. 
w
he
at
 
bu
. 
pe
r 
A
.
19
31
 s
w
ee
t 
cl
ov
er
 
to
ns
 p
er
 A
.
19
32
 c
or
n 
bu
. 
pe
r 
A.
19
33
 o
at
s 
bu
. 
pe
r 
A.
1 Check ................................................ 22.9 46.1 0.61 52.4 27.4 60.7 14.0 0.60 56.1 23.8
2 M anure.............................................. 27.0 53.5 0.79 67.3 38.7 66.9 23.0 0.82 55.6 28.3
3 Manure-(-limestone......................... 26.0 55.4 1.24 67.1 34.7 69.5 24.2 0.92 62.2 32.9
4 Manure-j-limestone+rock phos­
phate .............................................. 28.5 61.3 1.34 66.2 46.8 70.6 30.4 1.28 62.3 37.4
5 Check ................................................ 26.3 43.6 0.81 52.8 33.1 59.1 17.3 0.93 54.4 28.3
6 Manure-)- limestone+superphos- 
p h a te .............................................. 23.4 62.3 1.31 60.9 50.8 73.7 27.7 1.10 57.8 37.4
7 Manure-f-limestone-f-superphos- 
phate+muriate of potash ......... 34.4 74.8 1.39 63.8 45.2 71.1 31.5 1.06 56.0 36.3
8 Manure-j-limestone-|-complete 
commercial fertilizer ................. 31.8 63.5 1.26 66.0 47.6 72.3 27.7 1.21 56.4 37.4
9 Check ................................................ 25.6 43.7 0.75 52.7 33.9 57.5 16.5 0.87 56.0 27.2
(1) Field pastured; no results.
12) Poor season for corn and early frost caught it. Field hogged-down; no results.
(3) Average weight per bushel —  45 pounds.
♦The Clarion Field, Series I, was established in the fall of 1921 on the farm of Charles Over- 
baugh southeast of Clarion in Wright County. It is located in the NE % of the SE % of 
Section 20, T. 91 N, R. 24 W. in Lincoln Township.
showed no larger effect than superphosphate except on the oats in 1922 and 
1925, on the corn in 1927 and on the sweet clover in 1931. In most cases the 
differences between the effects of the two materials were very slight.
The Ruthven Field
The results of the field experiment on the Clarion loam on the Ruthven Field in 
Palo Alto County are given in table 14. The application of manure increased 
the crop yields in all but one season, showing the largest effect on the oats in 
1926 and 1932 and on the barley in 1928. Limestone with manure increased 
the crop yields in all seasons, showing very large effects on the sweet clover 
in 1924 and also bringing about pronounced gains on the corn in 1925 and 1929. 
There was also a definite increase on the oats in 1923, 1926 and 1930.
Rock phosphate with manure and limestone increased crop yields in most 
seasons. The largest effects appeared on the corn in 1925, 1927, 1929 and 1931 
and on the oats in 1930. The yields in 1923 and 1926 were evidently abnormal. 
Superphosphate with manure and limestone showed a somewhat larger effect 
than rock phosphate in some seasons. It was much superior on the sweet 
clover in 1924, and it had a larger effect on the oats in 1926 and 1930 and on 
the corn in 1933, but in several seasons rock phosphate produced quite as 
large increases.
Muriate of potash with manure, limestone and superphosphate had a rather 
definite effect on the oats in 1923 and 1932 and on the sweet clover in 1924. 
The corn in 1925 and 1927 was also increased by the addition of muriate of 
potash. In some seasons, however, no beneficial effects from potash appeared.
Complete commercial fertilizer with manure and limestone showed somewhat 
larger effects than superphosphate in some seasons. The largest difference
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TABLE 14. FIELD EXPERIM ENT, CLARION LOAM, PALO ALTO COUNTY 
RUTHVEN FIELD,* SERIES I
P
lo
t 
no
. Treatment
19
22
 c
or
n 
bu
. 
pe
r 
A.
19
23
 o
at
s
bu
. 
pe
r 
A
. 
(1
)
19
24
 s
w
ee
t 
cl
ov
er
 
to
ns
 p
er
 A
. 
(1
)
19
25
 c
or
n 
bu
. 
pe
r 
A.
19
26
 o
at
s 
bu
. 
pe
r 
A.
19
27
 c
or
n 
bu
. 
pe
r 
A.
19
28
 b
ar
le
y 
bu
. 
pe
r 
A.
19
29
 c
or
n 
bu
. 
pe
r 
A
. 
(2
)
19
30
 o
at
s 
bu
. 
pe
r 
A.
19
31
 c
or
n 
bu
. 
pe
r 
A.
19
32
 o
at
s 
bu
. 
pe
r 
A.
19
33
 c
or
n 
bu
. 
pe
r 
A.
1 Cheek .................................... 47.3 48.7 1.22 42.7 34.0 46.8 34.8 50.3 61.9 56.7 56.2 52.8
2 M an ure........................................ 53.1 53.3 1.28 39.0 46.8 52.0 40.1 51.0 63.9 59.0 64.1 55.6
3 Manure-|-limestone......................... 55.6 61.2 2.43 50.1 53.4 53.9 43.1 55.5 65.0 60.8 64.7 58.3
4 Manure-j-limestone-|-rock phos­
phate ............................................ 57.5 40.8 2.37 58.5 40.6 57.3 47.7 58.1 77.1 64.0 60.1 59.3
5 Cheek ................................. 47.6 22.3 1.44 41.5 41.1 43.1 34.8 48.4 60.6 54.0 42.6 42.5
6 Manure-)-limestone-f-superphos- 
phate ............................................ 57.3 48.7 2.97 58.0 77.9 52.9 46.1 49.6 82.0 61.1 74.9 63.1
7 Manure-|-limestone-|-superphos- 
phate-¡-muriate o f potash ........ 55.0 60.1 4.06 64.0 74.9 57.3 43.1 44.4 81.7 61.8 77.7 63.4
8 Manure-}-limestone-(-complete 
comereial fertilizer ................... 51.1 56.7 3.88 61.1 68.1 62.4 47.7 43.8 78.8 64.8 73.7 62.0
9 Cheek .............................................. 38.0 32.8 1.42 43.7 41.1 38.3 31.8 33.8 50.5 51.9 50.5 42.4
(1 )
( 2) Plots 4, ty 6, 7, 8 and 9 were planted a week early and freezes did considerable damage.Plots 1, 2, 3, 4 and 5 were spring plowed which killed 1928 sweet clover. Plots 6, 7, 8 and 9 
were fall plowed in 1928; volunteer sweet clover damaged corn due to dry season.
•The Ruthven Field, Series I, was established in the fall of 1921 on the farm of E. A. McMillin 
southeast of Ruthven, in Palo Alto County. It is located in the NW % of the SE % of Section 
33, T. 96 N, R. 34 W in Highland Township.
appeared on the sweet clover in 1924. Gains were also noted on the oats in 
1923 and on the corn in 1925, 1927 and 1931. In the other seasons the differ­
ences between the two materials in their effects on crop growth were very slight.
The Superior Field
The data obtained in the field experiment on the Clarion loam on the Sup­
erior Field in Dickinson County are given in table 15. The application of 
manure increased the crop yields in all seasons on this field. The largest 
effects from manure appeared on the corn in 1922 and 1926, on the oats in 
1923, on the clover in 1924 and on the barley in 1932. Limestone with manure 
increased the crop yields in most seasons, showing the largest effects on the 
clover in 1924 and on the sweet clover in 1928. Definite increases were also 
obtained in other seasons, for example on the barley in 1927 and 1930.
Rock phosphate with manure and limestone brought about very large in­
creases in the clover in 1924 and in the sweet clover in 1928. It showed in­
creases also on the corn in 1925 and 1926, on the oats in 1923 and on the barley 
in 1932. Superphosphate with manure and limestone showed slightly greater 
effects than rock phosphate on the crops in 1926, 1927, 1928, 1929, 1931, 1932 
and 1933 but had smaller effects than rock phosphate in the earlier years of the 
experiment. Some of the differences were not large.
Muriate of potash applied with manure, limestone and superphosphate 
showed practically no influence except on the oats in 1923 and the barley in 
1932. In the other seasons the differences from the yields on the plots not re­
ceiving muriate of potash, were too small to be significant. Complete com-
HANCOCK COUNTY SOILS il
mercial fertilizer with manure and limestone showed somewhat larger effects 
than superphosphate in one or two cases but in other seasons had a smaller 
influence. Most of the differences were not significant.
The Lundgren Field
The results obtained in the field experiment on the Webster loam on the 
Lundgren Field in Webster County are given in table 16. Manure increased 
crop yields in most cases on this soil, the greatest effects appearing on the 
clover in 1926. Considerable gains were also obtained in many seasons on 
the corn and oats. Limestone applied with manure proved beneficial in most 
seasons. In general, however, the increases from limestone were not large. 
As this soil is very slightly acid in reaction and the subsoil is usually well sup­
plied with lime, no large effects from lime were expected.
Rock phosphate, superphosphate and complete commercial fertilizer with 
manure and limestone brought about some rather large increases in crop yields. 
Thus on the corn in 1919, 1920, 1924, 1927 and 1930 definite gains were noted. 
Similarly there were gains on the oats in 1923, 1925, 1929, 1931 and 1933. 
The clover in 1926, however, showed the greatest benefit from these fertilizers. 
Superphosphate generally had somewhat greater effects than rock phosphate 
as in 1919, 1923, 1924, 1925, 1926, 1927 and 1928, but in the other seasons rock 
phosphate was just as good or even slightly better in effect. Complete commercial 
fertilizer with manure and limestone showed a greater effect than superphos­
phate in a few cases, but in most seasons it had no greater effect or even a 
smaller influence than superphosphate.
Although crop residues had little effect on the various crops grown until 
1922, some gains were noted— especially on the corn in 1919. Limestone with
TABLE 15. FIELD EXPERIMENT, CLARION LOAM, DICKINSON COUNTY 
SUPERIOR FIELD,* SERIES I
P
lo
t 
no
. Treatment
19
22
 c
or
n 
bu
. 
pe
r 
A.
19
23
 o
at
s 
bu
. 
pe
r 
A.
19
24
 c
lo
ve
r 
to
ns
 p
er
 A
. 
(1
)
19
25
 c
or
n 
bu
. 
pe
r 
A.
19
26
 c
or
n 
bu
. 
pe
r 
A
.
19
27
 b
ar
le
y 
bu
. 
pe
r 
A.
19
28
 s
w
ee
t 
cl
ov
er
 
to
ns
 p
er
 A
.
19
29
 c
or
n
bu
. 
pe
r 
A
. 
(2
)
19
30
 b
ar
le
y 
bu
. 
pe
r 
A.
19
31
 c
or
n
bu
. 
pe
r 
A
. 
(3
)
19
32
 b
ar
le
y 
bu
. 
pe
r 
A.
19
33
 s
w
ee
t 
cl
ov
er
 
to
ns
 p
er
 A
.
1 Check ................................................ 27.4 52.2 0.42 32.1 35.6 27.2 0.85 34.1 38.0 39.7 29.9 1.13
2 M an ure.............................................. 37.0 63.5 0.69 39.4 41.8 32.2 0.93 34.5 41.7 41.0 37.8 1.22
3 Manure-f lim estone......................... 36.8 63.5 0.88 41.4 44.0 44.6 1.24 35.2 49.4 41.4 34.4 1.28
4 Manure+limestone-frock phos­
phate .............................................. 43.2 70.4 1.80 56.6 51.8 40.8 1.36 34.7 50.8 41.7 43.7 1.34
5 Check ............................................• 31.5 49.8 0.67 37.3 41.6 40.5 1.00 32.3 46.1 40.1 36.7 1.31
6 Manure-f limestone-fsuperphos- 
p h a te .............................................. 43.3 64.7 1.58 49.2 53.0 48.2 1.42 34.9 54.1 40.7 48.4 1.61
7 Manure-f limestone-f superphos- 
phate-fmuriate o f potash........ 42.4 71.4 1.55 45.8 53.8 49.6 1.24 33.1 54.8 39.9 54.1 1.36
8 Manure - f  limestone - f  complete 
commercial fertilizer ................. 44.1 74.8 1.67 43.6 48.6 37.6 1.46 32.8 56.7 39.6 50.7 1.33
9 Check ................................................ 30.0154.3 0.76 31.2 36.2 29.3 0.76 32.8 42.7 40.1 35.5 1.07
(1) Clover winterkilled in spots.
(2) Very dry season; corn mostly nubbins but fairly well matured.
^ *The’ Superior °Field, Series I, was established in the fall of 1921 on the farm of G. W. Small, 
south of Superior, in Dickinson County. It is located on the SE % of the NW % of Section 23, 
T. 99 N, R. 35 W in Richland Township.
P
lo
t 
no
.
COto
TABLE 16. FIELD EXPERIMENT, W EBSTER LOAM, WEBSTER COUNTY, LUNDGREN FIELD,* SERIES I
Treatment
19
18
 o
at
s 
bu
. 
pe
r 
A.
19
19
 c
or
n 
bu
. 
pe
r 
A
.
19
20
 c
or
n 
bu
. 
pe
r 
A
.
19
21
 o
at
s
bu
. 
pe
r 
A
. 
(1
)
19
22
 c
or
n
bu
. 
pe
r 
A
. 
(2
)
19
23
 o
at
s 
bu
. 
pe
r 
A
.
19
24
 c
or
n 
bu
. 
pe
r 
A.
19
25
 o
at
s 
bu
. 
pe
r 
A.
19
26
 c
lo
ve
r 
to
ns
 p
er
 A
.
19
27
 c
or
n 
bu
. 
pe
r 
A.
19
28
 c
or
n 
bu
. 
pe
r 
A.
19
29
 o
at
s 
bu
. 
pe
r 
A.
19
30
 c
or
n 
bu
. 
pe
r 
A.
19
31
 o
at
s 
bu
. 
pe
r 
A.
19
32
 c
or
n 
bu
. 
pe
r 
A.
19
33
 o
at
s 
bu
. 
pe
r 
A.
Check ........................... ....................................................................................... 93.5 59.0 63.8 32.9 57.7 43.1 29.6 46.8 0.44 47.8 48.6 57.8149.1 36.9 58.8 35.2
M anure........................................................................................................... 85.0 59.3 62.4 37.8 55.5 48.8 33.9 47.4 0.71 52.1 49.6 63.5156.1 35.8 61.1 32.3
Manure-{-'limestone............................................................................................ 89.2 60.6 65.3 32.9 56.0 46.5 33.6 55.7 0.68 53.7 47.4 58.9 53.9 36.3 61.8 40.3
Manure-]-limestone-|-rock phosphate ........................................................... 85.0 61.3 69.3 38.7 57.1 52.3 31.1 49.9 0.77 57.5 39.9 70.3 62.1 44.2 60.2 48.8
Manure-j-limestone-j-superphosphate ........................................................... 91.4 65.1 67.2 35.8 54.9 58.0 40.0 53.2 1.14 60.9 46.3 64.6 64.5 39.1 59.8 49.9
Manure-{-limestone-{-complete commercial fertilizer................................. 89.2 65.1 74.2 36.6 57.5 62.5 38.5 53.0 1.18 60.5 39.5 69.2 65.8 43.7 66.5 64.6
Check ......................................................................... .. 85.0 54.0 59.7 32.6 46.6 44.2 30.0 44.6 0.63 44.4 46.3 66.9 50.9 36.9 53.6 37.4
Crop residues-f-superphosphate-j-muriate of potash................................. 82.9 63.3 57.7 38.5 50.1 57.8 28.8 47.3 0.83 54.8 38.6 78.2 61.3 37.7 55.7 45.4
Crop residues-]-limestone ............................................................................... 85.0 63.5 57.7 39.6 47.7 52.2 26.8 45.4 0.50 49.1 40.1 61.2 56.9 32.3 55.2 34.3
Crop residues+limestone-f-rock phosphate ................................................ 87.1 65.9 68.9 31.8 51.6 52.2 26.5 48.1 0.68 53.9 39.4 70.3 63.5 36.3 53.7 39.7
Crop residues-j-limestone-j-superphosphate ................................................ 97.7 69.7 68.6 36.4 54.8 62.5 23.4 45.0 0.86 56.5 40.9 79.4 66.2 44.2 56.3 36.3
Crop residues-|-limestone-{-complete commercial fertilizer..................... 93.5 73.9 65.2 39.9 56.1 62.5 31.8 44.5 0.64 54.8 41.9 73.7 68.1 43.1 54.9 37.3
Cheek ......................... ....................................... .. 80.7 54.2 57.7 35.0 52.1 43.2 26.0 37.6 0.32 44.1 43.9 61.2 46.0 32.9 54.8
(1) Limestone not applied to series until fall of 1921.
(2) Superphosphate and muriate of potash added to plot 8 beginning with 1922 corn crop.
*The Lundgren Field was established in the fall of 1917 on the Nels Olson farm, near Lundgren in Webster County. The series is 
located on the north side of the NW % of the SW % of Section 36, T. 88 N., R. 29 W in Elk Horn Township.
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residues increased the yields in most seasons, but no large effects were evidenced. 
In some cases no effects from the lime appeared.
Rock phosphate, superphosphate and complete commercial fertilizer with 
crop residues and limestone brought about some definite increases in crop 
yields, but in other cases had no effect. The oats in 1918, 1923, 1929 and 1931 
were increased. The corn in 1919, 1920, 1922, 1927 and 1930 was increased. 
The clover in 1926 showed a gain. Superphosphate had a greater effect than 
rock phosphate in practically all cases, showing up particularly well on the 
oats in 1918, 1923, 1929 and 1931 and on the clover in 1926. In a few cases 
rock phosphate had a greater effect than superphosphate, but the differences 
were never large. Complete commercial fertilizer had somewhat greater 
effects than superphosphate in some instances, but in general the results were 
similar with the two materials. Muriate of potash with crop residues and sup­
erphosphate showed no larger effects than superphosphate alone, or produced 
only very small increases.
The Everly Field, Series I, O’Neill Loam
The data obtained in the field experiment on the O’Neill loam on the Everly 
Field, Series I, in Clay County are given in table 17. Manure increased the 
crop yields on this soil in practically every season. Some very large gains 
were noted as, for example, on the clover in 1921, on the corn in 1922, on the 
oats in 1924, and on the alfalfa in 1932. In other seasons small but definite 
increases were obtained. Limestone with manure increased the crop yields 
in practically all seasons. The greatest effects appeared on the clover in 1921 
and on the oats in 1924. There were also some increases in the corn crops in 
certain seasons.
Rock phosphate with manure and limestone increased crop yields in several 
seasons. In general no large effects were noted, however, except on the clover 
in 1921 and 1925. Superphosphate with manure and limestone showed a lar­
ger beneficial effect on crop yields in several seasons, than did rock phosphate. 
The beneficial influence appeared particularly on the clover in 1921 and 1925, 
on the oats in 1924 and on the alfalfa in 1931 and 1932. In other seasons the 
differences between the effects of the two phosphates were not very pronounced. 
Complete commercial fertilizer with manure and limestone had about the same 
influence on the crop yields as did the phosphates. In one or two cases slightly 
greater effects were obtained, while in other instances the yields were somewhat 
smaller. In no case, however, was there any large difference.
Crop residues showed little effect on the crops grown in most seasons. Lime­
stone with residues brought about increases in the yields in practically all 
cases. In some seasons very large effects were noted, as on the clover in 1921 
and on the oats in 1924.
Rock phosphate with residues and limestone increased crop yields in prac­
tically all cases. In several seasons the increases were not very large, but in one 
or two cases considerable gains were noted, as on the clover in 1921 and on 
the corn in 1922. Superphosphate with manure and limestone had about the 
same effect on crops as did rock phosphate, in most seasons. In some cases 
superphosphate gave larger crop increases as on the alfalfa in 1932, but in
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TABLE 17. FIELD EXPERIM ENT, O’NEILL LOAM, CLAY COUNTY, EYERLY FIELD,* SERIES I
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Check ............................................................................................. 47.7 37.1 23.3 1.80 41.2 37.2 47.9 0.40 51.5 25.8 45.0 43.2 0.54 2.38
M a n u re ........................................................................................... 56.2 34.1 27.5 2.35 51.5 37.0 58.8 0.48 59.3 26.3 44.6 48.8 0.59 2.90
M anure-(-lim estone........................................................................ .. . 56.4 38.0 28.9 2.60 53.1 42.3 66.7 0.47 65.4 28.1 44.4 49.9 0.65 2.61
M anure-f lim estone-frock phosphate ............................................................... 56.0 40.3 33.6 2.94 53.3 41.7 66.1 0.57 62.7 29.0 43.9 49.9 0.76 2.88
Manure-j-limestone-j-superphosphate ............................................................... 59.2 39.0 32.6 3.28 54.7 39.2 71.5 0.65 62.4 26.4 41.7 53.4 0.81 3.10
M anure-flimestone-j-complete commercial fertilizer.................................... 55.4 40.9 30.9 2.97 55.4 38.3 69.3 0.64 62.7 29.4 43.1 50.3 0.83 3.42
Check ............................................................................................. 46.6 37.1 24.1 1.80 44.6 35.8 44.6 0.40 54.9 26.5 45.7 44.3 0.54 2.91
Crop residues .................................................................................... 51.4 36.4 24.9 2.00 45.6 36.4 49.7 0.43 52.8 25.8 44.1 38.3 0.52 2.30
Crop residues-f limestone ............................. ...................................... 54.1 37.0 24.4 2.22 44.5 38.7 64.8 0.36 56.3 23.4 42.0 39.2 0.48 2.32
Crop residues-flim estone-f rock phosphate .................................................. 57.0 37.3 28.2 3.20 51.5 38.8 56.2 0.41 57.7 23.4 38.9 42.5 0.57 2.48
Crop residues-flimestone-j-superphosphate .................................................... 56.2 35.1 30.6 3.13 51.9 41.3 62.1 0.56 62.7 26.3 41.9 50.5 0.68 3.00
Crop residues-flimestone-j-complete commercial fertilizer......... 57.6 37.9 26.8 3.00 51.7 37.3 54.1 0.41 60.8 21.1 37.9 44.3 0.65 2.75
Check ...................................................................................... 47.2 32.1 23.1 1.87 40.9 33.3 37.8 0.41 50.3 18.8 36.1 37.4 0.48 1.93
Bj«)
(1) Poor stand of oats;
(2) First cutting only.
(3) Dry summer reduced yield.
(4) Very small crop due to dry weather.
(5) Hot dry weather damaged corn.
(6) Mixture of oats and barley; no yields recorded.
(7) Dry weather during August seriously damaged corn, especially fertilized plots which were further advanced.
(8) Very dry season ; only one cutting.
(9) Total of three cuttings; season dry.
(10) Almost 90% alfalfa winterkilled. Oats seeded for hay, very poor due to hot dry season. No results obtained.
♦The Bverly Field, Series I, was established in the fall of 1917 on the farm of John Heuck, east of Everly in Clay County It is 
located on the east side of the SB % of the NW % of Section 6, T. 96 N, R. 37 W in Lone Tree Township.
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general the differences were not pronounced. Complete commercial fertilizer 
with residues and limestone had no greater effect on the crop yields than did 
superphosphate. In fact, in most cases slightly smaller yields were obtained 
with complete fertilizer.
The Everly Field, Series II, Lamoure Silty Clay Loam
The results of the field experiment on the Lamoure silty clay loam on the 
Everly Field, Series II, in Clay County are given in table 18. The beneficial 
effects of manure on this soil are definitely shown. Large increases in crop 
yields were obtained in practically every season. The increases were very 
large in the case of the corn in 1924, the oats in 1922 and 1926, the clover in 
1923 and the alfalfa in 1927, 1928, 1929 and 1930.
Rock phosphate or superphosphate with manure increased the yields in most 
cases. Beneficial effects were noted particularly on the alfalfa, on the oats 
in 1922 and 1926 ; on the clover in 1919 and 1923 and on the corn in 1924. In 
other seasons when corn was grown, no large effects were shown. Superphos­
phate with manure showed up much better than rock phosphate on the clover, 
alfalfa and oats. Complete commercial fertilizer applied with manure showed 
smaller effects than superphosphate in all seasons. The addition of muriate 
of potash with superphosphate and manure did not show any pronounced effects. 
Usually there was no indication of value from the potash.
Crop residues increased the crop yields in several seasons, but the increases 
were small and hardly significant. Rock phosphate or superphosphate with 
residues brought about increases in crop yields in most cases. In general the 
gains were large as on the clover in 1923 and on the alfalfa. The oats and corn 
also showed beneficial effects in some seasons. Superphosphate generally gave 
better results than rock phosphate on the various crops grown on this field. 
The differences were particularly noted on the alfalfa, on the clover in 1923, 
on the oats in 1922 and 1926 and on the corn in 1920. Muriate of potash 
with residues and superphosphate brought about little or no effects. In only 
one instance was there any pronounced influence in favor of muriate of potash. 
This was with the alfalfa in 1928. Complete commercial fertilizer with the 
residues increased the yields in most seasons. Large beneficial effects were 
noted with the clover in 1919 and 1923 and on the alfalfa each year it was 
grown. On these crops the effects were greater than with superphosphate. 
The effects were greater also on the oats in 1922 and on the corn in 1921 and 
1925 from complete fertilizer. In the other cases the differences were small, 
but slightly in favor of the phosphates.
PEAT SOILS
Peat is partially rotted vegetable matter which consists either of swamp 
grasses, sedges, rushes and flags or of a sphagnum moss, the former being known 
as grass peat and the latter as moss peat. Peat forms in swamps, marshes, 
or flat undrained areas, where water stands and water-loving grasses and mosses 
grow in profusion. The remains of such plants accumulate under water and 
the absence of air permits of only very incomplete decomposition. Peat occurs 
in Iowa mainly in the Wisconsin drift soil area. Hancock County is located 
in this area, and there are many areas of peat and muck (partially decomposed
TABLE 18. FIELD EXPERIM ENT, LAMOURE SILTY CLAY LOAM, CLAY COUNTY, EYERLY FIELD,* SERIES II
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1 Cheek ................................................................................ 63.8 1 45 74.6 66 8 35 6 0 57 131 ,S 57 Q147 4 h n,519 fig 1 63 11.22
_
2 M anure.................................................................................. 91.2 1.45 75 3 54 1 0 71 5 8,9 63 6 69,9 i 4.3 9 94 3 96 1.64
3 Manure-f-superphosphate-}-muriate of potash....................... 100.3 1.60 83.2 75.8 70.4 1.83 69.4 58.8 76.8 2.82 4.71 5.84 3.00 71.8 76.0
4 Manure-j-roek phosphate ....................................................... 91.2 1.67 83.2 70.0 64.1 1.25 61.7 55.1 76.8 1.82 4.54 4.87 2.25 74.9 74.5
5 Manure+superphosphate ................................................. 88.2 2.03 80.8 68.1 70.2 1.75 67.2 55.8 83.0 3.26 5.31 5.49 2.82 73.2 74.2
6 Manure-j-complete commercial fertilizer.................................... 100.3 1.79 80.8 63.2 68.4 1.26 60.8 54.0 71.1 3.00 4.82 5.85 2.88 70.9 76.3
7 Check .......................................................................... 73.0 1.68 66.9 54.5 58.3 0.77 43.2 44.0 54.7 1.22 2.61 2.31 1.34 59.2 67.2
8 Crop residues ....................................................................... 69.9 1.56 54.7 52.8 0.87 39.6 43.4 53.4 1.02 2.76 2.24 1.40 61.0 67.59 Crop residues+superphosphate-j-muriate of potash............... 73.0 1.56 70.4 61.9 61.1 1.47 56.5 44.2 71.6 2.26 4.22 4.30 2.28 59.6 68.6
10 Crop residues-j-rock phosphate .............................................. 79.0 1.68 73.6 60.4 57.7 1.14 61.2 42.2 72.4 1.24 3.55 3.71 2.33 55.7 64.6
11 Crop residues-j-superphosphate ............................................ 97.3 1.56 83.4 60.8 62.8 1.59 57.7 44.7 77.6 2.28 3.99 4.34 2.51 54.9 64.4
12 Crop residues-j-complete commercial fertilizer...................................... 103.4 2.03 77.8 64.7 78.4 1.73 56.4 57.7 76.5 2.72 4.37 4.99 2.68 59.2 73.1
13 Check .................................................................................. 97.3 1.68 61.2 54.0 48.5 0.83 35.7 53.5 50.4 1.00 2.04 1.75 0.98 60.5 71.114 Manure .................................................................................. 67.7 78.Ó
(1) Plots 2 and 8 not harvested.
(2) Superphosphate and potassium added to plots 3 and 9.
(3) Total of two cuttings.
(4) Total of three cuttings.
(5) Corn replanted; hot dry season. Very poor corn.
(6) Plots 1 and 2 discontinued. Plot 14 added.
*The Everly Field, Series II, was established in the fall of 1917 on the farm of John Heuck, east of EVerly in Clay County. The 
series is located on the north side of the NW %  of the NE % of Section 1, T. 96 N, R. 38 W in Lone Tree Township.
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peat) in the county. The area of peat amounts to 9,984 acres or 2.7 percent 
of the total area, and there are 8,000 acres of muck amounting to 2.2 percent 
of the county.
The peat and muck in Hancock County is generally from 6 to 20 inches in 
thickness, and in no area does it extend to a depth of more than 3 feet. Prac­
tically all the peat soils in the county may be reclaimed and made productive 
by proper methods of treatment and cropping.
Field Experiments with Peat Soils
Field experiments were carried out several years ago on some typical shallow 
peats. In no case was there any profitable increase in crop yields from the use 
o f various fertilizing materials. Recent tests,2 however, have shown distinctly 
profitable increases from the use of muriate of potash or superphosphate, or 
the two fertilizers together on shallow peats. Sometimes the phosphate is the 
more effective. At other times the potash gives the better results. Tests of 
these two fertilizers on the peats of Hancock County are recommended.
Treatments of Peat Soils
Drainage is the most important treatment needed for peat soils, if they are 
to be made productive. Sufficient tile of ample size should be provided and 
special drains installed to carry away flood waters and prevent the flooding of 
the low-lying peat areas at times of heavy rainfall. The. tile should be laid 
in the underlying subsoil rather than in the peat itself, as in the latter case 
the compacting of the peat would bring the tile too close to the surface and 
make relaying necessary. The tile should not be laid too deeply in the subsoil, 
as the heavy clay is very impervious. It is often advisable to cover the tile 
at points a few rods apart with straw, gravel, cinders or some other material 
which will allow the ready passage of water into the drains.
Fall plowing is desirable to expose peat to the action of the frost, rain and 
snow during the winter and hasten decay. Fall-plowed peats may be worked 
earlier in the spring hence the seedbed may be more thoroughly prepared. 
Deep plowing is also valuable, especially when the peat is very shallow, permit­
ting some of the underlying heavy clay to be mixed with the peat.
Peat soils which are not over 16 inches in depth should not be rolled, as such 
.an operation may compact them too much and check decomposition. Where 
the peat is deeper than this, careful rolling may be desirable. The practice 
cannot be generally recommended.
The frequent cultivation of peat soils is very important in opening them up 
and hastening the decay of the organic matter.
Applications of manure are not advisable on peat soils. Frequently the ad­
dition of superphosphate or muriate of potash, or both, may be advisable, 
-especially where truck crops are grown.
Corn and small grain crops as a rule, do not do well on newly reclaimed peat 
soils. The corn may not mature and the small grains may develop an abun­
dance of straw and little grain. A  mixture of timothy and alsike clover is one 
of the best crops to seed on newly drained peats, preferably using the crop for
2 Stevenson, W. H., Brown, P. E. and Boatman, J. L. The management of peat and alkali soils in 
: in Iowa. Iowa Agr. E ip. Sta.,Bul. 266. 1930.
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pasture. Many vegetables, such as onions, celery, potatoes, tomatoes, cabbage, 
beets, turnips and other crops may be grown satisfactorily on peat soils, es­
pecially when properly fertilized. After a few years of pasturing or growing 
fertilized vegetable crops, peat soils are usually in better condition for growing 
corn and small grains successfully.
“ ALKALI” SOILS
There are areas of so-called “ alkali” soils in Hancock County, and while their 
extent on individual farms is small, they seriously reduce crop yields and pre­
sent a difficult problem in management.
Such “ alkali”  spots are characterized by a whitish deposit of salts on the 
surface of the soil, giving the soil the appearance of having been lightly strewn 
with a fine white powder. The spots occur in swales, former ponded areas, 
or sloughs, but always in a belt around the low spot which frequently consists 
of peat. Corn produces only a stunted growth on such spots, while other 
crops are less affected.
Treatment of “Alkali” Soils
The first treatment needed for the reclamation of “ alkali” soils in Iowa is 
proper drainage. In draining a pond or slough, lines of tile should be laid 
around the low area in such a way that the two lines of tile run through the 
spot where the “ alkali” is most likely to appear, and thus will permit washing 
out the excess of salts more rapidly. The lines of tile may be brought together 
again below the slough and if the area is wide, a third line of tile through the 
center of the slough may be advisable.
I f  the tile are properly laid when the pond or slough is drained, the occurrence 
of “ alkali” spots may frequently be prevented. When an “ alkali” spot is fully 
developed, the removal of excess of \“ alkali” salts by proper drainage is hastened 
by the application of a heavy dressing of farm manure, the use of straw or any 
vegetable matter or a crop of sweet clover plowed under. The application of 
muriate of potash has been found to be of value on these alkali soils, applying 
200 pounds per acre.3 Tests of this fertilizer are very desirable.
3 Stevenson, W. H., Brown, P. E., and Boatman, J. L. The management of peat and alkali soils 
in Iowa, iowa Agr. Exp. Sta., Bui. 266. 1930.
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THE NEEDS OF HANCOCK COUNTY SOILS AS INDICATED BY 
LABORATORY, GREENHOUSE AND FIELD TESTS
The results of the laboratory analyses, the greenhouse tests and the field 
■experiments which have been carried out on the soils from this county indicate 
quite definitely the fertilizer and treatment needs of the soils. While the field 
experiments were not carried out in Hancock County, they were conducted on 
soil types which occur extensively in that county and the results may, therefore, 
be considered to be applicable to conditions there.
It should be emphasized that all the suggestions offered here are based upon 
the experiences of many farmers as well as upon the results <5f experiments and 
no treatment or fertilizer is recommended which has not proved of value on in­
dividual farms. In all cases it is recommended that tests be carried out on each 
farm, on small areas, before large areas are treated. The Soils Subsection of 
the Iowa Agricultural Experiment Station will give aid to any farmers who 
may be interested in making fertilizer tests on their farms.
MANURING
The supply of organic matter or humus in many of the soils of Hancock Coun­
ty  is good and they are black in color and rich or productive in appearance. 
.Some of the types, however, are not so dark in color and their productivity is 
not so high. The Webster soil on the uplands, especially the silty clay loam 
is black and fertile. But the Clarion soils and particularly the rolling phase 
.and the shallow phase, the Pierce loam, and the Dickinson fine sandy loam on 
the uplands are not rich in organic matter, and they are not so dark in color. 
On the terraces the Fargo and Benoit soils are rich in humus and black in 
■color, but the O’Neill, Sioux and Whukesha soils are not so rich and often are 
rather poorly supplied. The bottomland soils are all high in organic matter. 
Hut it has been found that even on those soils, like the Webster, Fargo, Benoit 
.and Wabash and Lamoure, which are the richest in organic matter, the appli­
cation of fertilizing materials supplying organic matter is necessary at regular 
intervals if the supply is to be kept up. The use of farm manure brings about 
large crop increases, even on these soils. And on the lighter-colored, poorer 
-soils the application of organic matter is necessary now, for the best crop 
yields, and larger amounts must be added. The Clarion, Pierce, Dickinson, 
O’Neill, Sioux and Waukesha soils are particularly in need of additions. The 
¡.supplying of these soils with organic matter must be made a regular part of 
the soil management system, too, if the fertility is to be maintained. All soils 
lose organic matter regularly, through the processes of decomposition, in the 
course of which available plant food is produced, and hence under more in­
tensive cultivation losses of this constituent are rapid and extensive.
On the livestock farm, farm manure constitutes the chief source of organic 
matter for the land. I f  all the farm manure is properly conserved and applied 
to the soil, the livestock farmer may go far toward keeping up the organic mat­
ter supply. But farm manure alone will usually not serve to keep up either 
the organic matter or plant food completely, as there is always some loss, and 
the amount of farm manure produced is rarely adequate to supply all the land 
«on the farm regularly.
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But the value of applications of farm manure in increasing the fertility or 
crop production on the soil is unquestioned. The tests reported earlier have 
shown the large effects of farm manure in normal applications on crops grown 
on the Clarion loam, the Webster silty clay loam, the Webster loam, the O’Neill 
loam and the Lamoure silty clay loam. Some of the other soils would undoubt­
edly give just as large or even larger effects from manure. The application 
of manure may be considered to be of value on all the soils, larger amounts 
being applied to the poorer, lighter-colored soils, while smaller amounts should 
be added to the richer, blacker types. Large additions should not be made 
to the heavy black soils, and not immediately preceding the growing of small 
grain crops.
The chief and cheapest source of organic matter to supplement or replace 
manure, is green manure, using legumes because of their larger value in sup­
plying nitrogen as well as organic matter. When well-inoculated, as they 
should be, legumes take up a large part of their nitrogen from the atmosphere, 
and hence when they are turned under in the soil as green manures, they add 
considerable amounts of nitrogen and serve as a nitrogen fertilizer. On grain 
farms where there is little or no production of farm manure, and on most live­
stock farms, where the production of farm manure is entirely inadequate, the 
practice of green manuring with legumes is very desirable, in order to build 
up and keep up the supply of organic matter. On the lighter-colored, poorer 
and coarser textured soils in Hancock County and particularly those with sandy 
or gravelly subsoils, the green manuring operation will prove of large value. 
Green manuring should never be practiced carelessly nor blindly, however, as 
it may bring about undesirable effects if  the green materials do not decompose 
rapidly in the soil.
The thorough utilization of all the crop residues on any type of farm is 
necessary and desirable to aid in maintaining the content of humus in the soils. 
The residues may be used for feed or bedding on the livestock farm and applied 
to the land with the manure. On the grain farm, they may be applied directly 
to the land, but it is usually preferable to store them and allow for partial de­
composition before they are applied.
LIMING
While the soils of Hancock County are not strongly acid in reaction and in 
fact some of them are well supplied with lime, the great majority of the types 
are acid in reaction at the surface and hence in need of lime for the best 
growth of general farm crops, and especially for legumes. The Webster silty 
clay loam usually has a high lime content even up through the surface soil, but 
in some areas the surface soil of this type is acid. The Clarion loam is acid in 
the surface soil although lime is found in the lower soil layers. The shallow 
phase of the type generally has lime in the surface soil, owing to the removal 
of the soil by erosion and the exposure of the high-lime subsoil. The Webster 
loam is usually acid at the surface but has some lime in the subsoil. The Pierce 
loam is high in lime in the subsoil and often up into the surface soil. The Dick­
inson soils are acid throughout the entire soil section. On the terraces the Fargo 
and Benoit soils are apt to be high in lime even in the surface soil, and they
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always contain much lime in the lower soil layers. The O’Neill and Waukesha 
soils are acid throughout the entire profile, but the Sioux soils usually contain 
some lime, although in areas where drainage has been more complete for a 
longer period, the surface layers may be acid.
The growth of general farm crops is less satisfactory on acid soils than on 
soils which are at least neutral in reaction, and many of the legumes, such as 
sweet clover and alfalfa will not grow if the acidity of the soil is high. When 
lime is added to acid soils, therefore, it usually brings about distinctly beneficial 
effects on all crops, and in the case of the legumes it may mean the difference 
between no crop and a very satisfactory growth. Even when the acidity is 
found only in the surface soil, the use of lime is often very desirable if legumes 
are to be seeded, in order that they may make a good early growth. Lime in 
the subsoil will help keep the crop growing satisfactorily after it is established, 
but will not help the early growth.
In the experiments discussed earlier in this report it has been shown that the 
application of limestone to the Webster silty clay loam when it is acid, to the 
Clarion loam, to the O’Neill loam and to the Webster loam will prove of value. 
The other types in the county which are acid in reaction would respond just 
as definitely to the use of lime, especially for the growth of legumes.
The regular use of lime is needed if the soils are to be kept from becoming 
acid, as lime is constantly lost from the land when it is under cultivation. 
The soils must be tested regularly, preferably once in the rotation, just preced­
ing the growing of the legume. Then if lime is needed it may be applied 
where it will do the most good, that is on the legume crop.
Farmers may test their own soils for acidity or lime requirement, but it will 
usually be more satisfactory if they will send a small sample to the Soils 
Subsection of the Iowa Agricultural Experiment Station and have it tested 
free of charge. The tests reported earlier for the different soil types should not 
be considered to show the actual needs of the soil in any particular field. The 
acidity of soils is so variable among soils even of the same type and in different 
fields that the safest way is to test the soil in each field and thus insure the 
proper application of the lime.
THE USE OF COMMERCIAL FERTILIZERS
It seems evident from a consideration of the results of the analyses of the 
soils of Hancock County that the supply of phosphorus is not high in any of 
the types, and, in fact, the content is usually so low that there is grave ques­
tion whether there is enough to supply the crops grown. Phosphorus will be 
needed in the very near future on these soils, even if~ it is not of value at present. 
It is also apparent that phosphorus fertilizers may yield distinctly profitable 
results in many cases now.
The two phosphate fertilizers available are rock phosphate and superphos­
phate. The former is usually applied at the rate of 1,000 pounds per acre 
once in 4 years. Superphosphate is applied at the rate of about 120 pounds 
of the 20 percent material each year, or 3 years out of 4 in the 4-year rotation. 
Rock phosphate costs less than superphosphate, but the larger amount applied 
makes the cost of the application greater for the rotation. Rock phosphate
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does not contain phosphorus in a readily available form as does superphosphate, 
and so more rock phosphate must be applied. Superphosphate usually gives 
quicker results for rock phosphate does not produce its greatest effects, ordin­
arily, until the second year after application. In order to determine which 
material will give the more economical results, it is necessary to carry tests 
over several years, and to take into account the cost of the applications.
The value of the two phosphates on the soils of Hancock County has been 
shown in the experiments referred to earlier. There were indications that one 
of the phosphates might be used with profit on the Clarion loam, the Webster 
silty clay loam, the Webster loam, the O’Neill loam and the Lamoure silty clay 
loam. The other types in the county would undoubtedly show just as large a 
response to the use of a phosphate. In some cases superphosphate has proved 
preferable in the tests, but in other instances rock phosphate has been found 
to be quite as beneficial. Definite conclusions regarding the relative value of 
the two materials cannot be reached for all soil and farming conditions. 
Farmers will find it most satisfactory to test the relative effects of the two phos­
phates under their own conditions, thus determining which material they may 
use on their land with profit.
The nitrogen content of most of the soils is not low, and in some cases the 
soils seem to be very well supplied. But the use of some fertilizing material 
supplying nitrogen is necessary on all the soils at regular intervals, if  the 
supply is to be kept up. There is a constant loss of nitrogen from the soil by 
leaching and by the removal of the crops grown. Under the more intensive 
systems of soil management the nitrogen losses may become large. Nitrogen 
must not be overlooked when systems of permanent management are planned 
for Hancock County. On the soils which are lighter in color and poorer in crop 
production, the need of nitrogen-supplying fertilizers is evident now and they 
will bring about large effects on crop growth. Even on the richer soils additions 
regularly are necessary.
The thorough utilization of all crop residues and of all the manure produced 
on the farm will go far toward keeping up the nitrogen in the soil, returning 
large amounts of the nitrogen removed by the crops grown. The use of legumes 
as green manures is, however, the best and cheapest means of building up and 
maintaining the nitrogen content of the land. Crop residues and manure will 
not do it alone. They must be supplemented by the use of leguminous crops as 
green manures. When well-inoculated, legumes take much of their nitrogen 
from the atmosphere, and hence when they are turned under in the soil they 
add large amounts of the element to the land. Commercial nitrogenous fer­
tilizers are not necessary for use on the farm, if green manuring is properly 
practiced. For special crops, commercial nitrogen may be profitably applied 
but for general farm crops their use cannot be recommended, at least until they 
have been tested in small areas and their value definitely shown.
In most of the soils o f the county the supply of potassium seems entirely 
adequate, and the use of commercial potassium fertilizers does not seem likely 
to prove profitable. On the so-called “ alkali” soils, however, potassium fer­
tilizers have been found to be of large value, and in many cases on peats, the
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use of potash is effective. But for general farm crops on the mineral soils of 
the county the use of potash cannot be recommended until tests have been con­
ducted on small areas and the value of the material, applied with a phosphate, 
proved definitely. I f  larger effects are obtained then the potassium fertilizer 
may be applied to large areas with assurance of profit.
The use of complete commercial fertilizers cannot be recommended for gen­
eral farm crops in the county. The experiments which have been carried out 
comparing these fertilizers with the phosphates have shown that in most cases 
the latter have just as large effects as the complete fertilizers and they are 
much less expensive and hence are preferable for use. Complete fertilizers 
must show much greater effects on crops than the phosphates if they are to 
prove as desirable. Tests comparing any complete brand in which the farmer 
may be interested with superphosphate are needed on the individual farm, if 
the most economical material is to be applied. There is no objection to the 
use of complete fertilizers if they prove profitable. It is entirely a question 
of relative effects on crop growth, and a consideration of the cost of the materials.
DRAINAGE
As has been suggested earlier in this report, the natural drainage system 
of the county is not well developed. Many areas are poorly drained naturally. 
This is true of the Webster soils on the uplands, of the Fargo and Benoit types 
on the terraces and of the Lamoure and Wabash soils on the bottomlands. 
Much has been done to improve the drainage of the county. Most of the 
rivers and creeks have been dredged and straightened and deeper channels 
provided. Thus large open ditches have been made, and these, along with 
the large amount of tile which has been laid, have done much to remove excess 
water from the low-lying, flat areas, and make them suitable for crop production. 
The Webster silty clay loam, one of the most extensively developed types on the 
uplands, is naturally very poorly drained because of its topography, and its 
heavy impervious subsoil. Tiling, has brought about the reclamation of many 
acres of this soil. Similarly with the Webster loam. There are undoubtedly 
areas still remaining in these soils, and perhaps in the Clarion loam, wheie 
further tiling would prove of value. The Fargo and Benoit types must be 
drained if they are to be cropped and many areas have not yet been drained. 
On the bottomlands there must not only be adequate drainage but there must 
also be protection from overflow if the land is to be used for cultivated crops.
No other treatment of the soil will prove of value, until drainage is made 
adequate. Good crops cannot be obtained unless excess water is removed. 
While the cost may be considerable the value oF increased crop growth will 
more than offset the expense involved.
THE ROTATION OF CROPS
The continuous growing of any one crop will quickly reduce the fertility of 
the land and bring about a decrease in crop yields, finally making the soil 
entirely unproductive. A  good rotation will not only prevent the rapid de­
pletion of the fertility of the soil but will also provide larger total crop revenue. 
Even if the crops grown, such as oats, are not as profitable as corn, for example,
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the total value of all crops over a period of years will be greater because of the 
very much greater yields of corn when it is grown.
There are many good crop rotations which may be employed. In fact there 
is no one best rotation. Almost any rotation may be employed, provided it 
contains a legume and the money crop of the region. The following are sug­
gested as good rotations in Iowa.
1. Six-Year Rotation
First year— Corn 
Second year— Corn
Third year—Wheat or oats (with clover or clover and grass)
Fourth year— Clover or clover and grass
F ifth  year— Wheat (with clover, or grass and clover)
Sixth year— Clover or clover and grass
This rotation may be reduced to a 5-year rotation by omitting either the 
second or sixth year, and to a 4-year rotation by cutting out the fifth and sixth 
years.
2. Four or Five-Year Rotation
First year— Corn 
Second year— Corn
Third year— Wheat or oats (with clover or clover and timothy)
Fourth year— Clover ( i f  timothy was seeded with the clover, the last crop will consist 
principally of timothy, and the rotation will become a 5-year one.)
3. Four-Year Rotation with Alfalfa
First year— Corn 
Second year— Oats.
Third year— Clover 
Fourth year— Wheat
F ifth  year— Alfalfa (This crop may remain on the land for 5 years. The field should 
then be used for the 4-year rotation outlined above.)
4. Four-Year Rotations
First year— Wheat (with clover)
Second year— Corn
Third year— Oats (with clover)
Fourth year— Clover
First year— Corn
Second year—Wheat or oats (with clover)
Third year— Clover
Fourth year— Wheat (with clover)
First year—Wheat (with clover)
Second year— Clover
Third year— Corn
Fourth year— Oats (with clover)
5. Three-Year Rotations
First year— Corn
Second year— Oats or wheat (with clover)
Third year— Clover
First year— Corn
Second year— Oats or wheat (with sweet clover)
Third year— Sweet clover (the clover may be used for pasture or green manure. Plow­
ing under the clover makes this a 2-year rotation.)
First year— Wheat (with clover)
Second year— Corn
Third year— Cowpeas or soybeans
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THE PREVENTION OF EROSION
Erosion is the carrying away of the surface soil by the free movement of 
water over the land. There are two types of erosion, sheet washing and gully­
ing. Sheet erosion is the washing away of the surface soil. Gullying is more 
striking in appearance, since gulches or ravines may be formed.
There is some erosion in Hancock County chiefly in the Clarion loam areas. 
The shallow phase of the type has been formed by the extensive sheet erosion 
which has occurred. Occasionally other soils, particularly the Dickinson, are 
affected to some extent. Wherever this destructive action of erosion is found, 
some means must be taken to prevent the formation of gullies and the carrying 
away of the surface soil by washing.
Various methods are followed to control and prevent erosion in Iowa. These 
methods differ somewhat, depending upon the type of erosion. Erosion due 
to dead furrows may be controlled by “plowing in,”  by “ staking in,” or by the 
use of earth dams.
Small gullies may be filled by the “ staking in”  operation, by the use of straw 
dams, earth dams, Christopher or Dickey dams, Adams dams, stone dams, rub­
bish dams, woven wire dams or concrete dams. Gullies may be prevented from 
forming by thorough drainage or by the use of sod strips. Large gullies may 
be similarly filled or prevented from occurring. Erosion in bottomlands may 
be prevented by straightening the streams, by tiling and by planting trees up 
the drainage channels. Hillside erosion may be controlled by the use of organic 
matter, by growing cover crops, by contour discing, by terracing, by deep plow­
ing, or by the use of sod strips or a system of strip cropping.4
* Clyde, A. W. Terracing to reduce erosion. Iowa Agr. Ext. Service, Bui. 172. 1931.
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INDIVIDUAL SOIL TYPES IN HANCOCK COUNTY5 
There are 14 soil types in the county, and these with the shallow phase and 
the rolling phase of the Clarion loam and the areas of peat and muck make a 
total of 18 separate soil areas. They are divided into three groups, drift soils, 
terrace soils and swamp and bottomland soils.
DRIFT SOILS
There are five drift soils in the county, together with the rolling phase and 
the shallow phase of the Clarion loam, making seven soil areas. They are 
classified in the Webster, Clarion, Dickinson and Pierce series. Together 
they cover 77.1 percent of the total area.
WEBSTER S ILTY  CLAY LOAM
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Webster Silty Clay Loam (107) (W c)
The Webster silty clay loam is the largest drift soil and the most extensively 
developed soil type in the county, covering 30.9 percent of the total area. It 
occurs in large continuous areas on the flat drift plain in the southwestern
part of the county, broken only by small areas 
of other types. In other parts of the county 
it is found in narrow, irregular areas, some­
times as much as %  mile in width. In a few 
places it is developed along broad, flat swales 
where there are streams or drainage ditches. 
The only parts of the county in which the 
type is not found are the terraces north of 
Eagle Lake and southwest of Hutchins.
The surface soil of the Webster silty clay 
loam to an average depth of 18 inches is a 
black silty clay loam. From 18 to about 27 
inches there is a dark-gray plastic silty clay 
loam or silty clay, with gray streaks and 
spots. Small glacial gravel and boulders are 
common in this layer. The next layer to a 
depth of 50 inches consists of a silty clay 
loam which is grayish-yellow or gray mottled 
with light gray or yellow. Glacial boulders and pebbles occur throughout 
this layer. Lime is abundant in this layer and occurs in small soft concre­
tions and is evenly distributed through the soil. Frequently the layer above 
is high in lime, and sometimes the lime is found up in the surface layer, but 
usually it has leached out of the surface soil and the second layer and is first 
found in sufficient amounts to effervesce with acid, in the layer between 27 
and 50 inches. Below this depth, and extending to a depth of 6 feet, the soil 
is a highly mottled gray, brown and yellow glacial till, with numerous iron 
concretions and iron stains and a high lime content, although there are not so 
many lime concretions as in the layer above. The texture of this soil is a silty 
clay and it is somewhat plastic. There are some variations in the soil in differ­
ent areas, but as a whole, it is remarkably uniform. In the areas along broad
5 The descriptions of the individual soil types given here closely follow these in the Bureau of 
Soils report.
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flat swales, where there are streams or drainage ditches, material has been 
washed in from the adjacent higher uplands, and has changed the character 
of the surface soil somewhat. These areas, however, are so small and narrow 
and relatively unimportant and there is so little difference from the Webster 
silty clay loam that they were not separated from it.
The type is practically all under cultivation and general farm crops are 
grown. When well-drained, the yields of crops are high. Corn yields from 
40 to 50 bushels per acre, on the average, and high yields of 75 to 80 bushels 
per acre are common, especially where the land is properly managed and a good 
rotation is followed. There is a tendency to grow corn continuously on this 
soil, as it is rich and fertile, but the effects of this continuous cropping are fre­
quently being evidenced now, and the corn yields in such areas are low. Oats 
yield about 50 bushels per acre with high yields of 65 bushels. About one-third 
as large an acreage of the type is used for mixed hay as is employed for corn 
or oats. The yield of hay, clover and timothy in general, is from 1% to 2 
tons per acre. Alfalfa is grown to some extent, yielding 2 to 4 tons per acre. 
Some sweet clover is grown. These crops both do well on this soil as it is usually 
well supplied with lime. Nearly all the sugar beets grown in the county are 
produced on this soil, and the yields amount to 10 to 12 tons per acre. There 
are small areas of wheat, rye and barley on this type, and vegetable and truck 
crops are grown in a small way for home use.
This soil is normally a highly productive type, when it is well drained. I f 
it is not thoroughly drained, the first treatment needed is drainage. When this 
is accomplished, the soil will respond to a small application of farm manure, 
in order to stimulate the production of available plant food. Large additions 
should not be made, because of the greater need of the manure by the other 
soil types, and manure should be applied as far away from the small grain in 
the rotation as possible, as there is danger of causing the grain to lodge. The 
surface soil is usually acid in reaction, although there are large amounts of lime 
in the lower soil layers, and hence it is necessary to lime for the legumes, 
especially new seedings. The use of a phosphate fertilizer will undoubtedly prove 
of value, and tests of rock phosphate and superphosphate are urged. The 
experiments reported on earlier have shown the value of the use of lime, manure 
and a phosphate on this soil.
Clarion Loam (138) (C)
The Clarion loam is the second largest drift type and the second type in the 
county. It covers 20.3 percent of the total area. It occurs on the uplands in 
all parts of the county, but is most extensively developed in the eastern and 
northwestern townships and in the south central^ townships. It is found in 
close association with the Webster silty clay loam on the uplands, occupying 
the higher parts of the uplands, although in many places the elevation above 
the general level is hardly noticeable. When associated with the larger bodies 
of the Webster silty clay loam, the type occurs on low swells or gently sloping 
low rounded knolls or ridges. In the northern part of the county, where the 
type is most extensively developed, the topography is gently rolling or rolling, 
but the areas in which the soil is more sharply rolling are separated as the 
rolling phase of the type.
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The surface soil of the Clarion loam is a 
very dark grayish-brown loam, ranging in 
thickness from 10 to 20 inches, depending 
upon the topography. Below the dark colored 
surface soil there is a layer grading into a 
. grayish-brown loam or heavy silt loam. Below
ac,d,tJ a depth of 24 to 30 inches, there is a pale- 
yellow clay loam. Lime is abundant and is 
mostly in a finely divided form, but in places 
r= occurs as white spots or small concretions.
The next soil layer is less uniform, containing 
sand and gravel and is discolored by white 
lime spots and by dark reddish-brown or 
rusty-brown iron stains. Boulders are found 
Bas,c scattered over the surface and through the 
soil.
There are many variations in the different 
areas of the Clarion loam. In the areas 
y  smoother than typical or at the bases of
slopes in the more rolling areas, the surface 
soil is darker in color and the dark surface layer is deeper than usual. The 
subsoil in these areas may be stained with iron or slightly mottled below 30 
inches. In other places the surface soil is not so deep and is slightly lighter 
in color and more sandy in texture. Such areas have a more rolling topo­
graphy and are likely to be mapped as the rolling phase. I f  they show 
a high lime content in the surface soil they are included with the shallow 
phase of the type. Throughout the eastern and northern parts of the county, 
there are gravel pockets in Clarion loam areas, and they range from 30 to 150 
feet square and 2 to 15 feet deep. Much of the gravel from these areas has been 
removed. Gravelly spots and gravel pits, where the gravel has not all been 
removed, are indicated on the map by symbols which are explained on the mar­
gin. The surface soil over these gravel spots is a dark-brown gravelly sandy 
loam from 7 to 15 inches in thickness. Many of these areas are too small to 
show on the map. When they can be shown they are included with the Pierce 
loam.
Most of the Clarion loam is under cultivation and general farm crops are 
grown. Corn yields from 40 to 45 bushels per acre on the average with much 
higher yields than this in favorable seasons and under the best management 
conditions. The yields are usually higher than on the rolling phase of the type, 
and the differences are most marked in dry seasons. Oats yield from 30 to 40 
bushels per acre and are more productive on the more nearly level areas. 
Mixed hay yields from 1 to 2 tons per acre and alfalfa from 2 to 3 tons per acre, 
on the average. Some wheat, rye, barley, garden crops, apples and small 
fruits are produced locally. A  small acreage is used for sugar beets.
The Clarion loam will respond in a very large way to the application of farm 
manure and the value of this fertilizing material has been shown in the ex­
periments which have been discussed earlier in this report. The type is acid
C LAB I ON LOAM
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in the surface soil and often down into the lower soil layers and hence is in 
need of lime for the best growth of general farm crops and especially of 
legumes. The value of liming the soil was indicated in the experiments on the 
type reported earlier, and the large effects of lime when alfalfa or sweet clover 
is to be grown are generally recognized. The use of a phosphate fertilizer will 
undoubtedly prove of value on this soil, and tests have shown that either rock 
phosphate or superphosphate may yield large returns. Which material should 
be used can only be determined for individual conditions, and tests on the farm 
are recommended.
Clarion Loam (rolling phase) (150)
The rolling phase of the Clarion loam is the third drift soil and the third type 
in the county, covering 15.5 percent of the total area. It occurs on the strongly 
rolling and hilly land north of the Winnebago River, on a long narrow ridge 
lying directly south of this river, and extending southwestward to the county 
line west of Hutchins, and on the higher and steeper areas along the larger 
streams of the county. The areas of this phase are closely associated with the 
typical Clarion loam and differ mainly in topography.
The surface soil of the rolling phase Clarion loam is a dark grayish-brown 
finely granular friable loam, usually less than 10 inches in depth. In most of 
the areas it is only 5 to 8 inches thick. In spots the surface soil has been 
entirely removed by erosion, and the lighter colored subsoil is exposed. Below 
the surface layer there is a brown or yellowish-brown friable silty clay which 
changes to a buff-colored silty clay at a depth of about 18 inches. The subsoil 
is a pale-yellow silty clay grading into a sandy and gravelly silty clay con­
taining white lime spots and dark reddish-brown stains. Boulders occur scat­
tered over the surface soil and throughout the soil profile, greater numbers 
being found than in the case of the typical soil. In most places lime is found 
between depths of 18 to 30 inches, but in some cases it may be present in the 
surface soil, where erosion has been most active and the surface soil is most 
completely removed.
About 75 percent of the land in this type is arable, but it is not all cultivated 
because of the tendency to wash and gully. The land which is not cultivated is 
utilized for pasture purposes. General farm crops are grown on the culti­
vated areas, but the yields are usually somewhat lower than on the typical 
Clarion loam. Corn yields average from 30 to 3o bushels per acre, although 
larger yields are obtained in favorable seasons and under conditions where 
erosion is least. Oats yield from 20 to 35 bushels per acre. Hay yields are 
slightly lower than on the typical Clarion.
The rolling phase Clarion loam is subject to extensive erosion, and in some 
areas, it should undoubtedly be kept in pasture in order that the washing may 
be reduced to a minimum. W^hen it is cultivated, care should be exercised 
that the washing action of water be eliminated as far as possible. Proper 
cropping of the land, the use of a good rotation, strip cropping, the thorough 
incorporation 'o f organic matter with the soil, using liberal amounts of farm 
manure or turning under legumes as green manures will help to eliminate 
erosion. Other methods of control may be necessary in some cases where
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erosion has been extensive and gullies have been formed. The land is subject 
to droughtiness also, because of the sandiness of the subsoil, and the need of 
organic matter is especially great on this account. Large increases in crops 
will result from the use of farm manure and from the turning under of legumes 
as green manures, and in addition the land will be protected from erosion and 
the crops from as great injury in dry seasons. The surface soil is acid in reac­
tion, and the application of lime is necessary for general farm crops and parti­
cularly for legumes such as sweet clover and alfalfa. The application of a 
phosphate fertilizer would also help in most cases, and tests of superphosphate 
are recommended. The tests which have been conducted on the type have 
shown that manure, limestone and superphosphate may bring about very large 
and distinctly profitable crop increases.
Webster Loam (55) (W )
The Webster loam is the fourth largest soil type in the county, covering 7.9 
percent of the total area. It occurs in many comparatively small areas, within 
extensive developments of the silty clay loam, occupying slightly higher topo­
graphic positions than the silty clay loam. 
There are no large individual areas of the 
type, but it is found in practically all parts 
of the county, except the north central town­
ships.
The surface soil of the Webster loam is a 
«nr* very dark grayish-brown loam to a depth of 
Wl* about 5 inches. From this point to a depth 
of about 25 inches there is a dark-gray plastic 
silty clay loam or silty clay, with some light 
gray streaks and spots. This layer is deeper 
than in the case of the Webster silty clay 
loam. From 25 to 35 inches there is a 
yellowish-brown silty clay loam or silty clay 
containing some dark streaks from above. 
Small glacial gravel and boulders occur in 
this layer and even up in the layer above. 
There is not sufficient lime in the soil to this 
depth, ordinarily, to effervesce with acid. Oc­
casionally there is a high lime content, but this is very infrequent and generally 
the lime is encountered below 35 inches showing up in the grayish-yellow or 
gray mottled silty clay, as lime concretions or as fine material distributed 
through the soil as light gray streaks. Small glacial boulders and some gravel 
are found. Below 50 inches there is the highly mottled gray, brown and yellow 
glacial drift such as was described in the Webster silty clay loam. The lime 
content of this material is high and there are numerous small iron concretions. 
The texture of the material is a silty clay.
All of the Webster loam is under cultivation, and general farm crops are 
grown. The yields of corn, oats and hay are about the same as on the silty clay 
loam. Corn averages from 40 to 50 bushels, oats 50 bushels per acre and hay
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1Y2 to 2 tons per acre. Alfalfa yields from 2 to 4 tons per acre. The soil will 
respond to liberal applications of farm manure, and the turning under of le­
gumes as green manures to supplement farm manure will also help. The sur­
face soil is acid and applications of lime are needed especially for legumes. 
The application of a phosphate fertilizer would certainly prove of value and 
tests of rock phosphate and superphosphate are recommended. The tests which 
have been described earlier in this report indicate the large value of farm 
manure, limestone and a phosphate for increasing crop yields on this soil.
Dickinson Fine Sandy Loam (175) (D f)
The Dickinson fine sandy loam is a minor type in the county, covering only 
1.2 percent of the total area. It occurs in many small areas, scattered through 
the areas of the Clarion loam, but it is most 
extensively developed northeast of Eagle Lake D l 
and north of Miller, on the upland adjacent 
to the Winnebago River. The largest indi- 
vidual areas occur in Madison and Ellington 
townships, and in Britt and Garfield town­
ships, just north of Eagle Lake. The type is 
found on mounds, knolls, ridges and the crests 
of ridges. &,
The surface soil of the Dickinson fine sandy 
loam is a moderately dark grayish-brown 
uniform fine sandy loam, extending to a depth 
of 10 to 12 inches. Below this point and 
continuing to a depth of 30 to 36 inches there 
is a yellowish-brown uniform fine sandy loam 
or loamy sand or fine sand. Below 36 inches, c* 
the subsoil is a light yellowish-brown or light 
yellow fine sand, extending to varying depths 
before passing into the heavy clay substratum 
of the glacial deposit.
The Dickinson fine sandy loam is largely used for the production of general 
farm crops. In the Eagle Lake-Hayfield areas, the soil is utilized mainly for 
wild hay and tame hay. Corn and oats are grown on the type, but the yields 
are from 5 to 15 bushels lower per acre than on the well-drained areas of the 
Webster types and the more fertile areas o f the Clarion loam. The soil is apt 
to be drouthy owing to the sandy character of the lower soil layers, and in 
dry seasons the crops suffer from a lack of moisture.
This soil is chiefly in need of organic matter to build it up in fertility and 
make it less sensitive to dry weather. The liberal application of farm manure 
is especially desirable, and wherever farm manure is not available for use the 
turning under of some legume as a green manure would prove of large effect. 
The increase in the supply of organic matter will make the type more produc­
tive for all crops. The soil is acid in reaction and in need of lime for the best 
growth of all farm crops and especially legumes. The application of a phos­
phate fertilizer would certainly prove of value, and tests of superphosphate are 
recommended.
FINE SANDY LOAM
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Pierce Loam (173) (PI)
The Pierce loam is a minor type in the county, covering only 0.7 percent of 
the total area. It occurs on rather prominent knolls and on the crests of nar­
row ridges on the surface of which more or less gravel and small boulders are 
present. Many of these knolls and ridges are found in the northern half of 
the county where they are widely scattered within areas of the Clarion loam. 
The largest individual areas are in the vicinity of Pilot Knob.
The surface soil of the Pierce loam is a 
brown or dark-brown loam, containing a high 
percentage of sand, and extending to a depth 
of 4 to 8 inches. The subsurface layer, to a 
depth of 12 to 15 inches, is a brown or light- 
brown sandy loam, containing some rock 
fragments. Below this depth, there is a light 
colored sand and gravel containing many 
boulders. The subsoil of the type is high in 
lime and the lime often extends up into the 
surface soil. In many cases the boundary 
lines between this soil and the Clarion loam 
are difficult to place, and the two types 
gradually merge into each other.
The Pierce loam is largely used for pasture, 
or in a few places is covered with a sparse 
growth of trees, consisting largely of oaks. 
The type is often of little agricultural value, 
and the gravel of the subsoil is utilized for 
road surfacing. When used for farm crops, 
there is danger of the crop being injured by drouth. The chief need of the type 
when cultivated is for organic matter to make it less drouthy and more fertile. 
The liberal application of farm manure or the turning under of legumes as 
green manures will prove of large value on the soil, increasing crop yields to a 
very large extent. The use of a phosphate fertilizer will be worth while, and 
tests of superphosphate are urged.
Clarion Loam (shallow phase) (252)
The shallow phase of the Clarion loam is of minor importance in the county, 
covering only 0.6 percent of the total area. It occurs in many small areas in 
association with the rolling phase Clarion loam. The soil is developed mainly 
in the central northern townships, Crystal, Madison, Britt and Garfield. There 
are no large areas of the type.
The surface soil of this phase of the Clarion loam is a dark grayish-brown or 
grayish-brown floury loam which often is high in lime content. Many lime 
nodules and fragments of lime are generally present in this layer. The sub­
surface soil is a pale-yellow loam or heavy fine sandy loam containing consid­
erable silt and very fine sand. The depth of the surface soil is extremely var­
iable, but it is always thin— usually only a few inches. The subsurface layer
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extends to a depth of about 15 to 18 inches on the average. At this point the 
soil becomes a very pale yellow or grayish-yellow heavy fine sandy loam or 
loam. Boulders and gravel occur very commonly throughout the soil. The 
occurrence of lime is high through the entire profile.
The land in this phase is utilized with the rolling phase of the Clarion loam, 
and yields of general farm crops are somewhat lower than on that soil. In dry 
seasons the crop yields are particularly low. The land in the phase is the 
result of erosion and is subject to washing by water at every rainfall. When 
cultivated it is in need of large amounts of organic matter to build it up in 
fertility and make it more retentive of moisture and less subject to excessive 
erosion. The growing of legumes on the soil is very desirable, especially sweet 
clover, to increase the supply of organic matter and nitrogen. Sweet clover 
will grow well on the type because of the high lime content. The use of a 
phosphate fertilizer would undoubtedly help, and tests of superphosphate 
are desirable.
TER R A C E  SOILS
There are six terrace soils in the county, classified in the Fargo, O’Neill, 
Sioux, Waukesha and Benoit series. Together they cover 14.5 percent of 
the total area.
FARGO 5ILTY CLAY LOAM
Fargo Silty Clay Loam (109) (Fc)
The Fargo silty clay loam is the largest of the terrace soils and the fifth 
largest type in the county, covering 5.9 percent of the total area. It occurs in 
many areas, some of which are rather exten­
sive, on the terraces or second bottoms along 
the rivers and larger creeks. It is developed 
mainly along the East Branch and the West 
Branch of the Iowa River and in the central 
townships. The largest areas are found in 
Britt, Liberty, Twin Lake, Crystal, Concord,
Madison, Erin and Orthel townships. '
The surface soil of the Fargo silty clay 
loam is a black silty clay loam, extending to 
a depth of about 14 inches. It is similar in 
appearance to the surface soil of the Webster 
silty clay loam. The. surface soil of the Fargo, 
however, usually contains more lime than 
that of the Webster, and in most places it 
will effervesce with acid, showing a high 
lime content. The subsurface layer to a 
depth of 24 to 35 inches, is a dark-gray loam, 
usually high in lime. Below this point there 
is a light olive-gray or gray clay, which in. 
brown.
When drained this soil is suitable for the growth of general farm crops, 
and the yields obtained are fairly satisfactory. Drainage is the first treat-
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ment which is needed, however, if  the land is to be cultivated. It usually will 
be desirable to apply a phosphate fertilizer, and tests of superphosphate and 
rock phosphate are suggested. Small applications of farm manure will help 
on newly drained areas to stimulate the production of available plant food, but 
large amounts should not be applied, and it should not be added just pre­
ceding the growing of a small grain crop.
O’NEILL LOAM
O’Neill Loam (108) (Ol)
The O’Neill loam is the second largest terrace soil in the county covering 3.4 
percent of the total area. It occurs in numerous areas, some rather extensive
in size along the Winnebago River, the East 
Branch and the West Branch of the Iowa 
River and along some of the minor streams 
and tributaries. The largest areas of the type 
are found in Ellington Township along the 
Winnebago River, and in Twin Lake, Avery 
and Liberty townships along the East Branch 
Iowa River. There are many small areas of 
the type.
The surface soil of the O’Neill loam is a 
dark-grayish-brown or dark-brown friable 
loam, containing considerable sand. From 8 
to 16 inches there is a brown or light-brown 
loam also having a high content of sand. 
From 16 to 24 inches there is a brown or 
light-brown loamy coarse sand with some 
gravel present. Below 24 inches there is a 
coarse sand and gravel layer, varying from 2 
inches to 15 feet in depth and resting upon 
a clay substratum.
The O’Neill loam is utilized almost entirely for cropping purposes, except 
in the areas where the subsoil gravel is being removed for road purposes. It is 
somewhat lower in productivity than the better upland soils with which it is 
associated, and crop yields are likely to suffer in dry seasons. It is a drouthy 
soil owing to the sandy, gravelly nature of the subsoil. When cultivated it 
is very necessary, therefore, that liberal additions of farm manure be made to 
the type, and the turning under of legumes as green manures is a desirable 
practice to supplement the farm manure. These sources of organic matter 
will make the soil more productive and less subject to drouth injury. The soil 
is acid in reaction and in need of lime if it is to be properly cultivated and if 
legumes are to be most successfully grown. The use of a phosphate fertilizer 
would undoubtedly help, and tests of superphosphate are recommended. The 
experiments on the O’Neill loam which have been reported have indicated the 
very large value of applications of farm manure, limestone and a phosphate 
fertilizer on the soil for increasing crop yields.
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Sioux Loam (76) (Sm)
The Sioux loam is the third largest terrace soil, covering 2.7 percent of the 
total area. It occurs in numerous areas on the terraces along the various 
streams of the county. The largest developments of the type are found along
SIOUX LOAM
acidity
the Boone River in Orthel Township, in Britt 
Township along the West Branch Iowa River, 
and in Concord Township along the East 
Branch of the Iowa River. There are numer­
ous small areas of the type.
The surface soil of the Sioux loam is a dark 
grayish-brown or dark-brown loam, contain­
ing considerable sand. From 8 to 18 inches 
there is a dull reddish-brown or light-brown 
coarse textured loam or loamy coarse sand.
From 18 to 24 inches there is a brown or 
light brown loamy coarse sand. Below 24 
inches there is a light colored loose gravel 
ranging from fine to coarse and containing 
much sand, fine, medium and coarse. This 
coarse material may continue for many feet.
In some areas it is not very deep and is 
underlaid by a clay or silty sandy clay sub­
stratum. Small boulders are found through­
out the sand and gravel layer. The gravel has a very high lime content which is 
characteristic of the Sioux soils and constitutes the chief distinction between this 
soil and the O’Neill loam which is acid in reaction through the entire soil profile. 
The surface soil of the Sioux loam is usually acid, and no lime is found until 
the 18-inch depth is reached.
The Sioux loam is largely utilized for farming purposes, although some 
areas have been used to supply gravel for building roads. The type is apt to be 
drouthy owing to the sandy, gravelly nature of the subsoil. It is particularly 
in need of organic matter, therefore, if it is to be successfully cultivated. The 
liberal application of farm manure is desirable, and the turning under of 
legumes as green manures would prove of large value. The building up of 
the supply of organic matter in the soil will prevent the injury to crops which 
is likely to occur in dry seasons. The use of lime may be needed for new 
seedings of legumes as the surface soil of the type is likely to be acid in reaction, 
although the subsoil is high in lime. The addition of a phosphate fertilizer 
would undoubtedly prove of value, and tests of superphosphate are recom­
mended.
Waukesha Loam (60) (W l)
The Waukesha loam is a minor type in the county, covering only 1.2 percent 
of the total area. It occurs in many small areas and some rather large ones, 
along the various streams of the county, on the high terraces. The largest 
areas are found in Liberty Township along the East Branch of the Iowa River,
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in Britt Township along the West Branch of the Iowa River and in Ellington 
Township along the Winnebago River.
The surface soil of the Waukesha loam is a dark grayish-brown to very dark 
brown or grayish-brown friable loam containing considerable fine sand and 
medium sand. This layer is underlaid by a brown or slightly reddish-brown 
heavy loam or silty clay loam. The lower subsoil is a yellowish-brown or yel­
low silty clay loam or silty clay. At a depth of 30 to 40 inches the material is 
a silty clay containing some Coarse sand and gravel. In places loose sand and 
gravel are found in the substratum, but at such great depths that there is no 
effect upon the soil, and it is not made at all drouthy.
The Waukesha loam is all under cultivation, and general farm crops are 
grown. The yields are similar to those obtained on the Clarion loam. The 
soil will respond in a very large way to applications of farm manure, and liberal 
additions of this fertilizing material should be made. The use of legumes as 
green manures would also help in increasing the productivity of the soil. The 
type is acid in reaction, and the application of lime to correct the acidity is 
necessary for the best crop yields on the land and especially for the best growth 
of legumes, such as sweet clover and alfalfa. The use of a phosphate fertilizer 
will undoubtedly prove of value, and tests of rock phosphate and superphos­
phate are recommended.
BENOIT 51 LT Y  C L A Y  LOAM
Benoit Loam (254) (Bm)
The Benoit loam is a minor type in the county, covering only 0.7 percent 
of the total area. It occurs in a number of small areas on the terraces along
the streams of the county. The largest de­
velopments of the type are in Orthel and 
Boone townships along the Boone River, and 
in Madison Township along the East Branch 
of the Iowa River. Small areas occur in 
other parts of the county.
The -surface soil of the Benoit loam is a 
very dark grayish-brown to very dark-brown 
loam, containing some sandy material. It 
extends to a depth of 14 to 16 inches and is 
underlaid by a subsurface layer of a yellow­
ish-brown gritty clay loam, with some dark 
yellowish-brown mottlings and splotches of 
organic matter filtered down from above.
This layer extends to a depth of 21 to 27 
inches. The subsoil below this point is a 
pale-yellow mixture of coarse sand and fine 
gravel which is high in lime content. Gener­
ally the surface and subsurface soil layers are 
not so thick and the gravelly subsoil is not so 
deep as in the Benoit silty clay loam. The lime content often extends up into 
the subsurface layer but the supply is always high in the subsoil.
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Most of the Benoit loam is utilized for general farm crops, and yields are 
much the same as on the Webster loam on the upland. The yield of corn is 
about 40 bushels per acre, and oats yield from 40 to 50 bushels. Hay yields 
about 1 Yz to 2 tons per acre. Alfalfa yields about 3 tons per acre. The needs 
of the soil for better crop growth include the use of farm manure which will 
bring about large increases in yields. The soil is usually acid in the surface, 
and it may be necessary to lime for the legumes, especially new seedings. The use 
of a phosphate fertilizer will undoubtedly help, and tests of rock phosphate 
and superphosphate are suggested.
Benoit Silty Clay Loam (258) (Be)
The Benoit silty clay loam is the smallest of the terrace soils and of limited 
occurrence, covering only  0.6 percent of the total area. It occurs in many small 
areas, the largest being found in Britt Township along the West Branch of the 
Iowa River. Several areas occur along the Winnebago River in Ellington 
Township, along the East Branch of the Iowa River in Garfield Township 
and along the Boone River in Orthel Township.. The soil is found on low 
terraces along the various streams.
The surface soil of the Benoit silty clay loam is a dark grayish-brown to 
almost black silty clay loam extending to a depth of about 18 inches. It con­
tains some medium and some fine sand. The surface layer is underlaid to a 
depth of about 26 inches by a dark-gray plastic silty clay loam to silty clay, 
containing a large quantity of lime particles and nodules, and some sand and 
gravel. The soil from 26 to 32 inches is a silty clay loam, grayish-yellow or 
gray mottled with light yellow in color, containing a large amount of coarse 
sand and some fine gravel. It is highly calcareous. The subsoil from 32 to 36 
inches is a mixture of fine sand and coarse gravel with large numbers of lime 
nodules. The color is gray. This layer is rather variable in depth. In some 
areas it is much deeper than typical, and the subsurface layer often contains 
much sand and gravel. The substratum is a gray, yellow and brown silty 
clay containing varying amounts of sand and gravel.
Much of the land in the Benoit silty clay loam is in pasture, or wild hay 
is cut from it. In dry seasons the cultivated areas are likely to be somewhat 
drouthy owing to the sandy gravelly nature of the subsoil. The yields of 
general farm crops are less than on the Webster silty clay loam, but in favor­
able seasons they may be almost as good. The chief need of the type, if it is 
to be cultivated, is for the addition of organic matter. The use of farm manure 
is desirable, and it will bring large increases in crop yields. The soil is not 
usually in need of lime, but if the surface soil shows any acidity the addition of 
lime may be needed for new seedings of legumes. The application of a phos­
phate fertilizer will also be of value, and tests of rock phosphate and super­
phosphate are desirable. The turning under of legumes as green manures 
will also help to build up the soil in organic matter and prevent the likelihood 
of injury to crops in dry seasons.
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LAMOURE SILTY CLAY LOAM
SWAMP AND BOTTOMLAND SOILS
There are three bottomland soils in the county classified in the Lamoure 
and Wabash series and these together with the areas of peat and muck make a 
total of five areas. Together they cover 8.4 percent of the total area of the county.
Lamoure Silty Clay Loam (111) (LI)
The Lamoure silty clay loam is the largest of the bottomland soils and the 
seventh largest type in the county. It covers only 3.0 percent of the county, 
however. It occurs on the bottoms along almost every stream large enough 
to have any first bottomland developed. The largest areas of the type are 
found along the Winnebago River, the Bast Branch and the West Branch 
of the Iowa River and along the Boone River. Most of the land in the type 
consists of long, narrow strips on both sides of the streams.
The surface soil of the Lamoure silty clay loam is a black silty clay loam or 
silty clay, extending to a depth of about 10 inches on the average. It is under­
laid by a grayish-brown plastic clay loam or silty clay loam subsoil, mottled
with grayish-brown, gray and yellow-brown. 
The subsoil is highly calcareous, and the lime 
often extends up into the surface soil. There 
is always a large number of lime nodules 
between depths of 10 and 36 inches. Because 
the land is flooded at irregular intervals, 
coverings of sand may occur in places, and 
it is often pitted with depressions a few 
inches deep, in which water stands after 
flood waters subside. The surface of the type 
is flat or slightly sloping toward the stream 
channel.
Very little of the Lamoure silty clay loam 
is cultivated as it is subject to overflow. Most 
of it serves as pasture or for the production 
of wild hay. I f it is to be cultivated it must 
first be drained and then protected from 
overflow. When well-drained it would pro­
duce yields of general farm crops which would 
compare favorably with the yields on the 
Webster silty clay loam. The soil, when first drained would be benefited by a 
small application of farm manure to stimulate the production of available plant 
food. Large additions should not be made. The use of a phosphate fertilizer 
would undoubtedly prove of value for general crops, and tests of the two phos­
phates are recommended.
V e r y  d a r k  b r o w n  
° r  g r a y i s h  b ro w n  : I ay
Grayish brown plastic cloy loam, 
mottled with 
gray and yellow
b i g h t  g r a y i s h  b r o w n  
s i l t y  c l a y
J5t rongly  
basic
Peat (21) (P)
Peat covers 2.7 percent of the total area of the county. It occurs in num­
erous areas in various sections. The largest body of peat is found 3 miles due 
west of Hayfield. Several areas also lie north of the same place. Areas of 
peat about 1 or 1 y2 miles square, occur 2 miles north of Britt and 4 miles west
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of Garner. Other areas ranging from 2 acres to 1 square mile in extent are 
found scattered throughout the county.
Peat is an accumulation of decayed plant remains, formed under water in 
shallow depressions, marshes, or lakes, in which water-loving grasses have 
grown for long periods and the remains have fallen into the shallow waters. 
In the absence of air there has been very little or no decomposition and the 
plant residues have piled up into deposits sometimes of great depth. The 
surface layer of peat is a dark reddish-brown mass of partly decayed plant 
remains, extending usually to a depth of 8 to 12 inches. Underlying this 
layer, to a depth of 30 to 50 inches, the plant remains are less decomposed, 
more fibrous and the mass is a lighter reddish-brown in color. The depth to 
the underlying clay is extremely variable. In the smaller bodies of peat, 
the layer of peat is usually from 15 to 30 inches deep. Below this point there 
is a black mucky clay or muck underlaid after 2 to 4 inches by a drab or gray 
calcareous clay. In the larger areas the depth to the clay subsoil may be as 
much as 10 to 20 feet.
Some of the areas of peat have been drained by large open ditches and tile, 
and special crops are grown. The areas north of Hayfield, north of Britt 
and west of Garner, as well as many smaller tracts, are used largely for the 
production of wild or tame hay or for pasture. In the area west of Hay- 
field, by artificial drainage, the peat has been put into condition for the pro­
duction of special crops such as potatoes, onions and sugar beets. Potatoes 
yield from 200 to 400 bushels per acre when they are properly fertilized. The 
commercial fertilizer 0-9-27 has been found to give very satisfactory results 
for potatoes. Onions do well, also yielding about 300 bushels per acre under 
favorable conditions. Sugar beets grow well but do not seem to have the 
best sugar content on peats. Corn and small grains are sometimes grown but 
usually the yields are low as they are not adapted to this sort of a soil until it 
has been under cultivation for many years and the decomposition of the peat 
has become fairly complete. The needs of peat soils have been discussed 
earlier in this report and include drainage, proper cultivation, fertilization 
and the growth of proper crops.
Muck (21a) (Mu)
There is a smaller area of muck than of peat, but it covers 2.2 percent of 
the total area of the county. It occurs widely scattered throughout the county, 
in shallow depressions in ¡areas of the Webster silty clay loam, the Clarion 
loam and other types and associated with the peat deposits. The areas in 
the Webster silty clay loam are often so small that they have not been shown 
on the map, sometimes being only a few feet square. In the Clarion loam 
areas, the muck spots are from a half acre to a square mile in extent. When 
associated with the peat deposits, the muck is found in narrow borders around 
the peat, and these areas are often too small to show on the map. The areas 
of muck often occur between the terraces and the uplands. Muck, like peat, 
occurs in sloughs or pond-like depressions which were once under water but 
are now drained.
Muck represents a more advanced stage in the decomposition of plant re- 
mains than is shown in peat deposits. Muck is a dark grayish-brown or black
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smooth, loose, mellow mass of organic matter mixed with varying amounts of 
sand, silt and clay. The depth of the muck varies widely, ranging from 1 to 36 
inches or more, but the average depth to the underlying clay or sandy clay 
is about 18 inches.
The small areas of muck are rather generally cultivated with the adjacent 
areas of Webster or Clarion soils, and unless the muck is deep crop yields 
are much the same as on the other soils. Muck areas are used more for hay, 
pasture or corn and less for oats and other small grains as these crops are apt
lodge. When cultivated, muck will be benefited by the addition of a com­
mercial fertilizer, such as the 0-9-27 or some similar brand, as suggested for 
peat, or it may be treated with superphosphate and muriate of potash and used 
for special crops. The needs are similar to those discussed for peats.
WABASH LOAM
Wabash Loam (49) (W c)
The Wabash loam is a minor type in the county, covering only 0.3 percent 
of the total area. It occurs on the bottoms along the East Branch Iowa River 
and along the Boone River near the southern county line. The largest area 
is along the East Branch Iowa River on the line between Garfield and Concord 
townships.
The surface soil of the Wabash loam is a dark brown to almost black loam 
to loamy sand, extending to a depth of from 12 to 16 inches. Below this point
there is a dark-gray plastic clay somewhat 
stained with iron. This layer extends to a 
depth of about 26 inches. Here the material 
changes to a light-gray clay mottled with 
yellow and brown and containing numerous 
iron stains. In places the subsoil is a very 
dark-brown to almost black heavy clay, and in 
some areas there are large amounts of silt 
and sand in the subsoil.
The type is now utilized entirely for pasture 
land, as it is subject to overflow and must be 
protected from flooding if it is to be success­
fully cultivated. It is acid in reaction and 
must be limed for the best growth of legumes. 
It would respond to the application of a 
phosphate fertilizer, and tests of superphos­
phate are recommended. When protected 
from overflow, treated with farm manure, 
limed and fertilized with a phosphate, it 
would prove as productive as the loams on the 
upland.
Wabash Silty Clay Loam (48) (W a)
The Wabash silty clay loam is a minor type in the county, covering 0.2 
percent of the total area. It occurs in small areas on the bottoms, chiefly along 
the East Branch Iowa River south of Klemme.
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The surface soil of the Wabash silty clay loam is a black or nearly black 
silty clay loam, high in organic matter and extending to a depth of 12 to 18 
inches, averaging 15 inches. The subsurface layer is a dark-gray plastic clay, 
slightly stained with iron. Below a depth of 28 inches, the soil is a light-gray 
clay or silty clay containing many iron stains and in places mottled with brown 
and yellow. There are some variations in the subsoil, as is usual with bottom­
lands, and sand pockets often occur. In places the dark color of the surface 
soil continues to considerable depths.
The Wabash silty clay loam is poorly drained and subject to overflow. It 
is used only for pasture. I f it is to be cultivated, it must be adequately 
drained and then protected from flooding. It will then produce good crops. 
A  small application of farm manure would help on newly drained areas. The 
type is acid and lime must be applied for the best growth of legumes. The 
use of a phosphate would undoubtedly help, and tests of rock phosphate and 
superphosphate are recommended.
APPENDIX
THE SOIL SURVEY OF IOWA
What soils need to make them highly productive and to keep them so, and how their needs 
may be supplied, are problems which are met constantly on the farm today.
To enable every farmer to solve these problems for his local conditions, a complete survey 
and study of the soils of the state has been undertaken, the results of which will be published 
in a series o f county reports. This work includes a detailed survey of the soils of each county 
following which all the soil types, streams, roads, railroads, etc., are accurately located on a 
soil map. This portion o f the work is being carried on in cooperation with the Bureau of Soils 
o f the United States Department o f Agriculture.
Samples of soils are taken and examined mechanically and chemically to determine their 
character and composition and to learn their needs. Pot experiments with these samples are 
conducted in the greenhouse to ascertain the value of the use o f manure, fertilizers, lime and 
other materials on the various soils. These pot tests are followed in many eases by field ex­
periments to check the results secured in the greenhouse. The meagerness o f the funds avail­
able for such work has limited the extent of these field studies, and tests have not been possible 
in each county surveyed. Fairly complete results have been secured, however, on the main types 
in the large soil areas.
Following the survey, systems o f soil management which should be adopted in the various 
counties and on the different soils are worked out, old methods o f treatment are emphasized 
as necessary or their discontinuance advised, and new methods of proved value are suggested.
SOIL AREAS IN IO W A
There are five large soil areas in Iowa, the Wisconsin drift, the Iowan drift, the Missouri 
loess, the Mississippi loess and the Southern Iowa loess. These five divisions of the soils of 
the state are based on the geological force which brought about the formation o f the various 
soil areas.
Map showing the principal soil areas in Iowa.
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With the exception of the northeastern part of the state, the whole surface of Iowa was in 
ages past overrun by great continental ice sheets. These great masses of ice moved slowly 
over the land, crushing and grinding the rocks beneath and carrying along with them the 
material which they accumulated in their progress. Five ice sheets invaded Iowa at different 
geological eras, coming from different directions and carrying, therefore, different rock ma­
terial with them. 1 . __ ,
The deposit, or sheet of earth debris left after the ice of such glaciers melts, is called 
“glacial till” or “drift” and is easily distinguished by the fact that it is usually a rather 
stiff clay, containing pebbles of all sorts as well as large boulders of “nigger heads.” Two 
of these drift areas occur in Iowa today, the Wisconsin drift and the Iowan drift, covering 
the north central part of the state. The soils of these two drift areas are entirely different m 
chemical composition, due primarily to the different ages of the two ice invasions. The Iowan 
drift was laid down at a much earlier period and is somewhat poorer in plant food than the 
Wisconsin drift soil, having undergone considerable leaching in the time which has elapsed 
since its formation.
The drift deposits in the remainder of the state have been covered by so-called loess soils, 
vast accumulations of dust-like materials which settled out of the air during a period of goo- 
logical time when climatic conditions were very different from the present. These loess soils 
are very porous in spite of the fine texture, and they rarely contain large pebbles or stones. 
They present a strong contrast to the drift soils, which are somewhat heavy in texture and 
filled with pebbles and stones. The three loess areas in the state, the Missouri, the Mississippi 
and the Southern Iowa, are distinguished by differences in texture and appearances, and they 
vary considerably in value for farming purposes. In some sections the loess is very deep, while 
in other places the underlying leached till or drift is very close to the surface. The fertility 
of these soils and their needs are greatly influenced, therefore, by their depth.
THE SOIL SURVEY BY COUNTIES
It is apparent that a general survey of the soils of the state can give only a very general 
idea of soil conditions. Soils vary so widely in character and composition, depending on many 
other factors than their source, that definite knowledge concerning their needs can be secured 
only by thorough and complete study of them in place in small areas. Climatic conditions, 
topography, depth and character of soil, chemical and mechanical composition and all othei 
factors affecting crop production must be considered.
Map of Iowa showing the counties surveyed.
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SOILS GROUPED BY TYPES
The general groups o f soils by types are indicated thus by the Bureau of Soils.
Peats— Consisting of 35 percent or more of organic matter, sometimes mixed with more or 
less sand or soil.
Peaty Loams— 15 to 35 percent organic matter mixed with much sand and silt and a little 
clay.
MueTcs— 25 to 35 percent o f partly decomposed organic matter mixed with much clay and 
some silt.
Clays— Soils with more than 30 percent clay, usually mixed with much silt; always more 
than 50 percent silt and clay.
Silty Clay Loams— 20 to 30 percent clay and more than 50 percent silt.
Clay Loams— 20 to 30 percent clay and less than 50 percent silt and some sand.
Silt Loams— 20 percent clay and more than 50 percent silt mixed with some sand.
Loams— Less than 20 percent clay and less than 50 percent silt and from 30 to 50 percent 
sand.
Sandy Clays— 20 percent silt and small amounts o f clay up to 30 percent.
Fine Sandy Loams— More than 50 percent fine sand and very fine sand mixed with less 
than 25 percent very coarse sand, coarse sand and medium sand, much silt and a little clay; 
silt and clay 20 to 50 percent.
Sandy Loams— More than 25 percent very coarse, coarse and medium sand; silt and clay 20 
to 50 percent.
Very Fine Sand— More than 50 percent fine sand and less than 25 percent very coarse, coarse 
and medium sand, less than 20 percent silt and clay.
Fine Sand— More than 50 percent fine sand and less than 25 percent very coarse, coarse 
and medium sand, less than 20 percent silt and clay.
Sand— More than 25 percent very coarse, coarse and medium sand, less than 50 percent fine 
sand, less than 20 percent silt and clay.
Coarse Sand— More than 25 percent very coarse, coarse and medium sand, less than 50 percent 
of other grades, less than 20 percent silt and clay.
Gravelly Loams— 25 to 50 percent very coarse sand and much sand and some silt.
Gravels— More than 50 percent very coarse sand.
Stony Loams— A large number o f stones over 1 inch in diameter.
METHODS USED IN THE SOIL SURVEY
It may be o f some interest to state briefly the methods which are followed in the field in 
surveying the soils.
As has been indicated, the completed map is intended to show the accurate location and 
boundaries, not only of all soil types, but also o f the streams, roads, railroads, etc.
The first step, therefore, is the choice of an accurate base map, and any official map of the 
county may be chosen for this purpose. Such maps are always cheeked to correspond cor­
rectly with the land survey. The location of every stream, road and railroad on the map is 
likewise carefully verified and corrections are frequently necessary. When an accurate base 
map is not available the field party must first prepare one.
The section is the unit area by which each county is surveyed and mapped. The distances 
in the roads are determined by an odometer attached to the vehicle, and in the field by pacing, 
which is done with accuracy. The directions of the streams, roads, railroads, etc., are de­
termined by the use o f the compass and the plane table. The character o f the soil types is 
ascertained in the section by the use o f the auger, an instrument for sampling both the surface 
soil and the subsoil. The boundaries of each type are then ascertained accurately in the section 
and indicated on the map. Many samplings are frequently necessary, and individual sections 
may contain several soil types and require much time for mapping. In other cases, the entire 
section may contain only one soil type, which fact is readily ascertained, and in that case 
mapping may proceed rapidly.
When one section is completed, the party passes to the next section and the location of all 
soil types, streams, etc., in that section is then cheeked with their location in the adjoining area 
just mapped. Careful attention is paid to the topographic features of the area, or the “lay of 
the land,” for the character o f the soils is found to correspond very closely to the conditions 
under which they occur.
The field party is composed of two men, and all observations, measurements and soil type 
boundaries are compared and checked by each man.
The determinations o f soil types are verified also by inspections and by consultation with 
those in charge of the work at the Bureau o f Soils and at the Iowa Agricultural Experiment 
Station. When the entire county is completed, all the section maps or field sheets are assem­
bled and any variations or questionable boundaries are verified by further observations of the 
particular area.
The completed map, therefore, shows as accurately as possible all soils and soil boundaries, 
and it constitutes also an exact map o f the county.
